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BULLETIN OF THE 
AMERICAN MATHEMATICAL SOCIETY 


THE THIRD SUMMER MEETING OF THE AMERI- 
CAN MATHEMATICAL SOCIETY. 


Tue Third Summer Meeting of the American Mathema- 
tical Society was held in the Lecture Hall of the Society of 
Natural Sciences at Buffalo, N. Y., on Monday, August 31, 
and Tuesday, September 1. The Society continued for the 
present year the policy of affiliation, as regards the Summer 
Meeting, with the American Association for the Advance- 
ment of Science. In deference to the desire of the latter 
organization, the meeting of the Society was held the week 
following that of the Association. The register of attend- 
ance and the close and undivided attention given to the 
work of the meeting show that this arrangement was, on 
the whole, profitable for the Society. 

Among those in attendance were: Dr. E. M. Blake, Pro- 
fessor Maxime Bécher, Mr. J. M. Brooks, Professor F. N. 
Cole, Professor J. E. Davies, Professor E. W. Davis, Professor 
A. T. De Lury, Dr. L. E. Dickson, Professor W. P. Durfee, 
Professor H. T. Eddy, Professor T. S. Fiske, Miss Ida Grif- 
fiths, Dr. G. W. Hill, Dr. J. E. Hill, Professor T. F. Hol- 
gate, Dr. J. I. Hutchinson, Professor E. W. Hyde, Mr. P. 
A. Lambert, Dr. G. H. Ling, Professor James McMahon, 
Professor Mansfield Merriman, Professor E. H. Moore, Pro- 
fessor W. F. Osgood, Professor J. P. Pierpont, Professor 
Oscar Schmiedel, Dr. Virgil Snyder, Mr. W. M. Strong, Pro- 
fessor L. G. Weld, Professor H. 8. White, Professor C. B. 
Williams, Miss E. C. Williams, Miss M. F. Winston, Profes- 
sor F. 8. Woods and Professor Alexander Ziwet. 

Two sessions were held each day, at 10 A. M. and 2.30 
P. M. respectively. The President, Dr. G. W. Hill, occu- 
pied the chair. On the recommendation of the Council Pro- 
fessor O. W. Anthony, New Windsor College, New Wind- 
sor, Md.; Mr. F. H. Clutz, Johns Hopkins University, 
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Baltimore, Md., and Miss E. K. Wentz, Indianapolis, Ind., 
were elected tomembership. Ten nominations for member- 
ship were received. 

The President read to the Society a communicatiom from 
the committee in charge of the susquicentennial celebration 
of the founding of Princeton University, inviting the mem- 
bers of the Society to attend the courses of lectures to be 
given at Princeton in the week preceding the celebration by 
Professor Felix Klein and Professor J. J. Thomson. 

The following papers were read : 

(1) Methods of defining monogenic functions. Dr. E. M. 
BLAKE. 

(2) An existence theorem for a class of linear euathymorphic 
functions of a single variable. Dr. E. M. Biake. 

(3) A graphic method for the study of uniform convergence. 
Professor W. F. Oscoop. 

(4) Uniform convergence and the integration of series term 
by term. Professor W. F. Oscoop. 

(5) Two triply-infinite systems of simple groups. Dr. L. E. 
Dickson. 

(6) Ternary algebras. Professor J. B. Suaw. 

(7) The geometry upon three surfaces of the seventh order. 
Dr. J. E. Hit. 

(8) A special form of a quartic surface. Dr. J. I. Hurcu- 
INSON. 

(9) Note on integral and integro-geometric series. Profes- 
sor E. D. Roe. 

(10) The cross-ratio group of n! (n—3)-ie Cremona trans- 
formations of flat space of n—3 dimensions. Professor 
E. H. Moore. 

(11) Criteria for the reality of nodes in Dupin's cyclides, 
with a corresponding classification. Dr. Vireit SNyDER. 

(12) Numerically regular reticulations upon surfaces of 
deficiency higher than 1. Professor H. Waite. 

(13) Loci of the equations p=¢’e and p=¢*y"e. Professor 
E. W. Hype. 

(14) On the hypothesis of the successive transmission of 
gravity, and the possible perturbative effect on the earth’s 
orbit. Professor James McManon. 

(15) The continuity of chance. Professor E. W. Davis. 

(16) A method of finding, without a table, the number cor- 
responding to a given logarithm. Dr. ArTemAs MARTIN. 

(17) Table giving the first forty roots of the Bessel equa- 
tion J,(z) = 0, and the corresponding values of J, (x). 
Professors B. O. Perrce and R. W. WILLtson. 

(18) On the projective group. Professor Henry TABER. 
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The first of Dr. Blake’s papers gives a classification of the 
methods which have been used for defining monogenic func- 
tions, such as algebraic, transcendental, differential and func- 
tional equations, assigned singularities, representability 
upon a given Riemann’s surface, etc. Functions ¢, defined 


by an equation G | z,¢ (z),¢ )|- 


where G is algebraic, are suggested as a field which should 
yield important results. Dr. Blake’s second paper contains 
a proof of the theorem that the multipunctual equation 


+ 
where |a,|<1;1+ Sp, (0) =0 
and 1+ Sp, (0) (m =1,2,--) 


s (for any arbitrary selection of branches of p, (z), 
are holomorphic within the domain of z= 0) one and only 
one solution <(z) which is holomorphic in the domain of 
z= 0, and has at that point the value 1. Under the same 
conditions z(z) multiplied by a constant is a solution, and 
these are the only solutions which are holomorphic at the 
point z= 0. 

Professor Osgood’s first paper will be published in full in 
the BuLtetIn. His second paper, which is to appear in the 
American Journal of Mathematics, is divided into two parts. 

In Part I. the most general manner of the convergence or 
a function s, (x) satisfying the following conditions is stud- 
ied by the aid of the geometric method set forth in the 
foregoing paper: (1) s, (x) is a continuous function of the 
real variable x; (2) when z is fixed and n increases with- 
out limit, s, (x) approaches a limit, f(x); (3) f(z) is continu- 
ous. Let x, be any value of x within the interval of con- 
vergence. ‘Three cases can arise: a set of pe 
with lim x =, and a corresponding set n’ n” ------ with 


lim ie = can beso determined that (a) lim \8 peat == 00; 
‘ =e t= 

in this case z, shall be distinguished as “a X-point; (b) 
lim | 8, (2) | i x,), but perhaps cannot be made infinite ; 
i=oa 
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in this case z, shall be designated as a £-point; the set of 
€-points thus includes the set of X-points ; (c) 


lim 8, = f 


no matter how the above set (2°, n®) be chosen; in this 
case x, is designated as a 3-point. It is shown that the 
X-points are dense throughout no interval and that the 
3-points are dense and non-enumerable in every interval. 
The £-points may be dense throughout an interval, but can- 
not form a continuum. The problem of determining what 
sets of points can serve as €- resp. 3-points for some s, (x) 
is reduced to a problem in the Theory of Sets of Points. 
Part II. is devoted to the question: When is 


f [im = Jim [ f («)ds| 


a question in Double Limits. If s,(z)=u,(x)+--+ u,(2), 
then this is equivalent to the question: When can the series 
f(z) --- be integrated term by term? It is 
found that such integration is always allowable if the in- 
terval (x,,z,) is free from X-points. If this is not the case, 


lim 


z,£x<z,, may be discontinuous ; but it is shown by an ex- 
ample that it can also happen that this function is contin- 
uous and still never equal to 


[i= f fx) dz, if ; 


in other words, it is possible that the term-by-term integral 
of a series of continuous functions, the valué of the given 
series being a continuous function, may be a continuous 
function not equal to the integral of the given series. A 
sufficient condition is deduced that this should not be the 
ease. These theorems give the most general conditions 
known to the author for the integration of a series term-by- 
term. 

Dr. Dickson’s paper contains a generalization for the 
Galois Field of order p”, of the system of simple groups ob- 
tained by Jordan in the decomposition of the general linear 
group on m indices and of the group of the Abelian substitu- 
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tions on 2m indices. Two systems of simple groups are ob- 
tained whose orders depend on the three independent param- 
eters m, n and p. Hermite’s theorem on the analytical 
representation of substitutions is also generalized for the 
Galois Field, and the result employed to make a complete 
determination of quantics of degree < 6 suitable to represent 
substitutions on a power of p letters. Two remarkable 
classes of quantics of general degree are found, which possess 
an infinite sweep of suitability for representing substitutions. 

Professor J. B. Shaw’s paper deals with the general theory 
of all algebras of three units. After the introduction of 
the necessary definitions, those algebras are first considered 
in which one ‘ factor’ only is necessary to determine the prod- 
uct. This part of the paper is essentially a resumé of the 
theory of the linear vector operator ornomon. Those alge- 
bras are then discussed in which the ‘ product’ of two multi- 
ple quantities is necessary to determine the third. Special 
classes are considered and also associative algebras. At the 
end the portion of Lie’s continuous groups in this theory is 
pointed out. In the absence of Professor Shaw his paper 
was read by Professor Hyde. 

In his paper on the geometry upon three surfaces of the 
seventh order, Dr. J. E. Hill passes by the aid of the gen- 
eral cubo-cubic transformation; in three cases of which the 
principal systems of the two spaces degenerate, from a gen- 
eral cubic surface to a septic surface. The first surface is 
distinguished by three triple and three double lines, the sec- 
ond by a triple line and a double quintic, and the third by 
a triple conic and a double quartic of the second kind. Sur- 
face S45, 435.3929 421;2 possesses 9 simple lines, 36 conics, 9 
sheaves and 126 isolated examples of plane cubics, 12 sheaves 
and 126 isolated examples of plane quartics, 3 sheaves and 
21 isolated examples of plane quintics and 9 sheaves of plane 
sextics. Upon this surface there are also 9 sheaves and 126 
isolated examples of twisted cubics; 1 net, 126 sheaves and 
162 isolated examples of twisted quartics of the second kind 
and 9 sheaves of twisted quarties of the first kind; 84 nets, 
504 sheaves and 513 isolated examples of twisted quintics, 
d = 0, and 36 nets and 36 sheaves of twisted quintics, d = 1; 
36 webs, 630 nets, 1,332 sheaves and 756 isolated examples 
of twisted sextics, d = 0; 84 webs, 288 nets and 126 sheaves 
of twisted sextics, d = 1, and 9 webs of twisted sextics, d = 
2. There are 6 sheaves and 21 isolated examples of tritan- 
gent planes and 195 examples of quartitangent planes pos- 
sessed by this surface, besides some special planes of much 
higher singularity of contact. 
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In the same way the surface §,;,,.,, is shown to possess 13 
simple lines, 5 pairs of conic, 13 plane cubics, 1 sheaf of 
plane quartics, no plane quintics, and 13 sheaves of plane 
sextics. This surface still possesses 16 twisted cubics, 209 
twisted quartics of the second kind, 16 sheaves and 208 
isolated examples of twisted quintics, d=0, and 286 twisted 
quintics, d=1, beside twisted curves of higher orders. It 
has 312 tritangent planes, beside others of higher singular- 
ity of tangency. 

The surface S,;,,. possesses 9 simple lines, 16 simple 
conics, no plane cubics, no plane quartics, 16 plane quintics, 
and 9 sheaves of plane sextics, 90 twisted cubics, 10 sheaves 
and 546 isolated examples of twisted quartics of the second 
kind, 126 twisted quartics of the first kind, 144 sheaves and 
3,452 isolated examples of twisted quintics, d=0, 84 sheaves 
and 1,260 isolated examples of twisted quintics, d=1, and 
180 twisted quintics, d=2, beside twisted curves of higher 
orders. This surface possesses 313 tritangent planes and 
one plane having 3-pointic contact along three sheets of the 
surface. 

The special form of quartic surface considered by Dr. 
Hutchinson is the locus of the vertex of a cone passing 
through six given points. If these six points lie in in- 
volution on the twisted cubic through them, the coordin- 
ates of a point of the surface can be expressed in terms of 
elliptic functions. The special surface has two additional 
lines, each of which passes through a double point of the 
involution. 

Professor Roe’s paper is devoted to the determination of 
general formule for the summation of integral and integro- 
geometric series. The summation is affected by the employ- 
ment of certain numbers A,,,, defined as the coefficients of 
z’** in the expansion of (e*— 1)’. The numbers are expres- 
sible in determinant form, and their other properties are 
discussed in extenso. A complete general formula is given 
for the sum of n terms of an integro-geometric series. In 
the absence of Professor Roe, his paper was read by the 
Secretary. 

Professor Moore’s paper, which is intended for publication 
in the Mathematische Annalen, deals with the cross-ratios 
of n independent quantities z, All of these cross-ratios can 
be expressed rationally in terms of any n — 3 independent 
ones among them. Starting with the fundamental system 
of n —3 ratios [z, z,_;2,-22,] (t= 1, 2, n —3), by per- 
muting the z’s we obtain in all n! fundamental systems of 
the same type. The expression of these n! systems in 
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terms of (any) one leads to the group G,, in question. 
For n = 4 it is the well-known group of six linear fractional 


substitutions (collineations) generated by 2! = +, ’=1—2. 


For n2 5 the G,, is holoedrically isomorphic with the sym- 
metric group in letters. It contains a subgroup of (n—1)! 
collineations permuting among themselves certain n—1 
fundamental points; this C”*G,,_1, was first given by 
Klein. The G,, arises by extending the C*G,_., by 
an inversion having n—2 of the fundamental points as 
critical points, and the remaining one as a fixed point 

Dr. Snyder defined a Dupin’s cyclide, without the use of 
Line Geometry, by means of three simultaneous linear equa- 
tions in Lie’s hexaspherical coordinates. By associating 
these three equations with the point-complex and plane- 
complex, the reality of spheres common to the four com- 
plexes, given by the signs of determinants in the coefficients, 
indicate the presence of nodes. 

Professor White discussed the problem of determining 
the numerically regular reticulations on surfaces of higher 
deficiency. For a convex surface (deficiency 0) Euler’s 
equation, together with the requirement of regularity, gives 
three sets of finite integers for vertices, faces and edges of a 
polyhedron. These by duality become five, corresponding to 
the five “regular’’ polyhedrons. On a surface of deficiency 
> 1 the modified equation of Euler, together with the same 
limitation of regularity, gives again a finite number of sets 
of finite integers for vertices, faces, and edges or lines. 
These sets are of two sorts: derivative, obtained from sets 
belonging to lower deficiencies; and special, not so obtaina- 
ble, peculiar to the deficiency in question. These sets of 
characteristic numbers can be realized on conerete models. 
The author exhibited a set of models prepared by Mr. O. H. 
Basquin, comprising thirteen card and six plaster models 
illustrating deficiency 2, and seven card models showing 
the special sets for deficiency 3, and explained Mr. Basquin’s 
method for obtaining derivative sets for any deficiency from 
those for lower deficiencies. 

Professor Hyde discussed certain loci defined by the equa- 
tion p=¢*e and p=¢*¢"e, where p isa variable point, e a fixed 
point, z and y variable scalars, and ¢ and ¢ linear point 
functions of the form ¢(q)= (A,¢,*¢,|9), (k= 9,1,20r 
k = 0,1, 2,3, according as plane or solid space is under. con- 
sideration). As x varies from —« to +00 the first equa- 
tion defines a curve described by p. This curve was dis- 
cussed for different positions of e, the equation of the tangent 
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plane, the velocity of p for any value of x, etc., were deter- 
mined both in two and in three dimensional space. The 
second equation defines a surface, which under certain con- 
ditions is a skew surface wholly inside the tetrahedron of 
reference, under other conditions a cone similarly limited. 
The reciprocal curves and surfaces were briefly discussed, 
and also the loci of the equations p= ¢“e and p= ¢"¢"e, 
where u=/f,z and v=f,y, the first equation giving with 
suitable values of f,,¢, and e curves terminated by arbitrary 
points, and the other surface having corners at arbitrary 
ints. 

oo McMahon presented an investigation of the fol- 
lowing hypothesis. Suppose that the sun is moving in a 
straight line with velocity u and that the whole solar sys- 
tem shares this translatory motion. Suppose also that the 
gravitational influence issues continually from the sun in 
waves that move outward with velocity v (perhaps equal to 
the velocity of light), and that when any wave reaches the 
earth the latter is attracted toward the wave center or point 
of space from which the wave issued. This effective center 
of acceleration is at a distance from the sun which varies 
between the limits ka(1— e) and ka (1 + e) where k is the 
ratio of u to v,a is the semiaxis major and e the eccentricity 
of the earth’s orbit. Then the orbit of the earth relatively 
to the sun is that which would be due to a center of force 
that performs small oscillations about its mean position. 
The law of this oscillatory motion was determined, and the 
equations of acceleration of the earth in its orbit, along and 
perpendicular to the radius vector were corrected for this 
small disturbance. Appropriate solutions of the resulting 
differential equations were given as far as terms in ke’. The 
most important perturbative terms were examined, and their 
effect on the orbit determined. 

Professor Davis’ paper embodied an examination of the 
idea of continuity leading to Dedekind’s definition of a con- 
tinuous row of points, the one-to-one correspondence be- 
tween point row and number series, integers, fractions, in- 
commensurables, transcendents, etc. No law can define the 
positions of all points onaline. A perfect distribution must 
contain as a part of itself a chance distribution. But there 
must be continuity ; the mind requires it to explain dis- 
continuity. There must also be chance to explain the 
discontinuity of law. One-to-one correspondence exists be- 
tween the points on a finite and an infinite line, an infinite 
surface, infinite three-way and n-way space, all space in all 
time, all movements, all qualities, the universe throughout 
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all time. The examination of the idea of chance shows the 
the latter presupposes an infinitely refined agnosticism, the 
limit of all possible or conceivable increase of knowledge. 
The theory of the Unknowable, the Absolute, the Will and 
wills were cognized under this philosophical aspect. 

The object of Dr. Martin’s paper was to deduce from the 
ordinary logarithmic series by proper modifications rapidly 
converging series from which the number corresponding to 
any given logarithm may be computed without tables. 
Four forms of series were given available under different 
conditions. 

Dr. R. W. Willson and Professor B. O. Peirce presented a 
table giving the first forty roots of the Bessel equation 
J,(z)=0 and the corresponding values of J,\(x). The first 
ten values of x for which J,(x) vanishes have been given 
to ten places of decimals by Meissel. The next thirty and 
the values of J,(x) corresponding to the first forty roots 
have been computed by the authors by means of Vega’s ten- 
place tables of logarithms, except in the few cases where a 
greater number of places was necessary, and then recourse 
was had to Thoman’s tables. The computation has been 
gone over twice. 

Professor Taber’s paper contains a theory of the special 
linear homogeneous group in n variables constituting a gen- 
eralization of Study’s theory of such a group for n=2. The 
results show that there are as many species of transforma- 
tions of the special linear homogeneous group in n variables 
as there are factors of n. The paper also contains a theory 
of certain other sub-groups of the general projective group, 
analogous to Study’s theory of the special linear homo- 
geneous group of the plane. 

F. N. Coxe. 

CoLUMBIA UNIVERSITY. 


CELESTIAL MECHANICS. 


Astronomical Papers prepared for the use of the American Ephe- 
meris and Nautical Almanac. Vols. V., VI., VII. Wash- 
ington, 1894-5. 


The progress made in modern times toward the practical 
solution of the problems of celestial mechanics has been in 
no way behind that of the more theoretical investigations. 
New and more efficient methods of attacking the problems 
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have been invented, greater rigour has been introduced and 
numerical results have been carried to a much higher de- 
gree of approximation than was even deemed possible in 
earlier days. The determinations of the constants from 
the large masses of scientific observations which are now 
available, extending over some two hundred years, have 
enabled astronomers to obtain data for the formation of 
numerical tables to represent the motions of the planets and 
satellites with an accuracy far beyond that originally re- 
quired. This refined accuracy is, of course, one of scientific 
interest, and it may almost be said to have but one object 
in view—the verification of the Newtonian law of gravita- 
tion; at the present time the observed motions are re- 
ferred to this cause alone. That a single law of this 
exact nature is sufficient to account for the complicated 
phenomena of the solar system, must be regarded as very 
remarkable in view of the approximate nature of most of 
the assumptions made for the grouping of other observed 
phenomena. The unexplained differences between the 
places of the heavenly bodies, as calculated by means of the 
Newtonian law and as deduced from observation, small as 
they are, are nevertheless, in some cases, well defined, and 
they appear to show the necessity either of some modifica- 
tion of the law of the inverse square or of the introduction 
of some unknown cause of disturbance or, perhaps, of the ex- 
istence of some new force. The method adopted by Profes- 
sor Newcomb in order to take account of these differences 
will be mentioned below. 

It might seem at first sight that many suppositions might 
be made to account for these deviations, but a little refiec- 
tion will show that this is not necessarily the case. A sup- 
position may be made in order to explain certain motions of 
one or two bodies, unaccounted for by the Newtonian law, 
and its magnitude and general effect may be calculated. 
But, owing to the large number of bodies in the solar sys- 
tem, it is usually possible to find at least one on which the 
effect is much greater than the observations will admit, and 
the supposition must therefore be rejected. It will be seen, 
then, that the difficulty is not that of choosing out one of a 
number of possible causes of disturbance, but rather that of 
discovering one which -vill satisfy the observed phenomena 
in the motions under consideration, and at the same time 
not give rise to other phenomena which we know, from ob- 
servation, cannot exist. If an excuse were needed for the 
refinements to which the numerical solutions of these prob- 
lems are subjected, a sufficient one is contained in the re- 
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marks just made. The Newtonian law of gravitation is so 
wide in its application to all problems of physics that no ef- 
forts made towards a verification of its accuracy and a deter- 
mination of its limitations will be useless. 

In the volumes before us the American Nautical Almanac 
office has given a further proof of the efficiency and activity 
which has characterized it during the last twenty years. In 
a prefatory note to the first volume of the series, published 
in 1882, Professor Newcomb announced that ‘the objects of 
the series of papers ...... are, a systematic determination 
of the constants of astronomy from the best existing data, a 
reinvestigation of the theories of the celestial motions, and 
the preparation of tables, formule and precepts for the 
construction of ephemerides and for other applications of 
the results.’ A brief glance at the contents of the seven 
volumes published up to the present date will show how 
fully these objects have been carried out, and the names at- 
tached to the various memoirs will be a sufficient warrant 
for the permanent value of the results. Since the time of 
Leverrier it may be safely said that no government office 
has published astronomical results of such value, whether 
‘we view them from the side of pure science or in the more 
practical direction of the construction of ephemerides and 
tables. Most of the first four volumes, which I do not in- 
tend to discuss here, are concerned with the theoretical in- 
vestigations of the celestial motions and with the determina- 
tions of the fundamental constants of astronomy from the 
existing data. The measurement of time, the velocity of 
light, catalogues of stars and the discussion of ancient 
eclipses have all received attention as necessary prelimi- 
naries to the accurate determination of the constants which 
refer more particularly to the motions of planets and 
satellites. In the later volumes we are given investiga- 
tions of the perturbations of the planets, both periodic and 
secular, by new methods or by better and more complete 
applications of existing methods ; the reduction of thousands 
of observations for the determinations of the elements; and 
the discussion and adjustment of these values so as to best 
represent the planetary motions. The last step is the for- 
mation of tables obtained from the results of theory alone, 
without those empirical corrections (with one exception), 
which the observations require, but which the theory does 
not seem to suggest. 

The final stages of the work are now beginning to ap- 
pear. The three volumes published during the last eighteen 
months contain, besides some of the concluding theoretical 
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investigations, new tables for the calculations of the posi- 
tions of the Sun, Mercury, Venus, Jupiter and Saturn. For 
convenience, I shall put the memoirs into three divisions : 
I. Papers on the Planetary Theory (Vol. V.). 
II. Tables of the Planets (Vols. VI., VII.). 

III. A Paper on the Lunar Theory (Vol. V.). 

I. Of the papers on the planetary theory by Professor 
Newcomb, the first is entitled, A Development of the Pertur- 
bative Function in cosines of multiples of the Mean Anomalies 
and of angles between the perihelia and common node and in 
powers of the Eccentricity and Mutual Inclination. The main 
feature of the method of development is the use of sym- 
bolic operators, as explained in an earlier paper* by the 
same writer. In Vol. III. of the series it was applied to 
the development of the perturbative function in cosines and 
sines of multiples of the eccentric anomalies of the two plan- 
ets. In general, however, the methods used for the deter- 
mination of the planetary perturbations démand that the 
expansions be made according to multiples of the mean 
anomalies, and we must therefore obtain the values of 
the operators in the latter case. It is not necessary to state 
here the method of procedure ; it rests mainly on the theo- 
rem, proved by Professor Newcomb in the papers referred 
to above, that the coefficients for any powers of the eccen- 
tricities e, e can be found, when those for e = 0 and for 
e’ = 0 have been found, by a simple multiplication of the re- 
sulting operators. The main part of the memoir is taken 
up with the algebraical values of the operators. The 
expressions are carried to the eighth order with respect to 
the eccentricities for the terms which are independent of 
the inclinations, and to the seventh order for the terms which 
depend on the square of the inclination. The continuation 
of the process, for any degree of accuracy with respect to 
powers of the eccentricities and inclination, is cast into the 
form of precepts for computation. It may be stated that 
the indeterminates which enter into each operator are, i, 
the order of the Legendre’s coefficient which corresponds to 
the part of the coefficient under consideration, and D, the 
derivative with regard to the logarithm of the ratio of 
the mean distances. 

Before proceeding to the actual development the question 
of the limits within which they are convergent is consid- 
ered. It is shown that when the inverse of the mutual 
distance between the planets is expanded in powers of 3 


* Amer. Jour. Math., Vol. II1., p. 193. 
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(where ¢ is the sine of half the mutual inclination), the 
development is convergent provided 


7,” being the heliocentric distances of the planets. This 
condition appears to be fulfilled for every pair of the eight 
principal planets. It may be noted that the satisfaction of 
this inequality gives little information concerning the sta- 
bility of the solar system. The possible values which 1, r’ 
may take after the lapse of long periods of time, depend 
largely on the possibility of eliminating secular terms from 
their expressions and also on the convergence of the peri- 
odic series which are used to represent their values. The 
modification of the condition given above, when expansions 
in powers of the eccentricities are used, is deduced by con- 
sidering the maximum value of the coefficient of any peri- 
odic term. 

In the second paper of Vol. V., ‘ Inequalities of long period, 
and of the Second order as to the masses, in the mean longitudes oj 
the four inner planets,’ Professor Newcomb computes the co- 
efficients of certain periodic inequalities, the lengths of 
whose periods give rise to sensible coefficients. The in- 
equalities considered are those arising from the considera- 
tion of the mutual actions of three planets and the sun, the 
perturbations arising from the mutual action of each pair 
of planets and the sun being supposed to be known. Ow- 
ing to the immense number of possibly sensible inequali- 
ties, the first step is the examination of those combinations 
of the mean motions which can produce an inequality of 
long period. In other words, if the inequality be denoted by 


A cos {(in+i’ +i" n”) 


where n, n’, n” are the mean motions of the three planets, 
i, v, 7’ positive or negative integers, and A, a constants, it 
is necessary to know for what values of i, 7’, 7”, the 
expression 

inti? n' +i" 


may be a quantity small in comparison with n, n’ or w’”. 
Tables of possible combinations, for different values of 
i, v 7” satisfying this combination, are given. It is then 
necessary to find the corresponding coefficients. 

A rough computation is first made in order to discover 
the numerical magnitudes of these coefficients. It is not 


14 CELESTIAL MECHANICS. [Oct., 


easy to feel satisfied with the results of this computation, 
especially on reading the appendix, in which it is stated 
that two inequalities discovered by von Haerdtl and pub- 
lished while the memoir was passing through the press, had 
been overlooked. In fact, the inequalities calculated have 
all been previously known to have sensible coefficients and 
the values of the latter are given by Leverrier in nearly all 
cases. Quite a different impression is, however, produced 
with respect to the calculations undertaken for the deter- 
mination of those coefficients which are selected for accu- 
rate computation. For some of these, two methods were 
used and there can be little doubt as to their accuracy. 
Moreover, Leverrier’s values, which are given for the sake of 
comparison, agree, with one notable exception, with those 
obtained by Professor Newcomb, although the methods 
used are entirely different; the differences do not exceed 
two-tenths of a second, so that the coefficients may be 
regarded as definitive. The exception mentioned is that 
inequality in the motion of Mars, whose argument has a 


motion 
38 J—8 M+4 E, 


J, M, E, denoting the mean motions of Jupiter, Mars and 
Earth, respectively. The difference amounts to one-fifth of 
the coefficient of the sine of the argument, the value of 
which, as given by Professor Newcomb, is —40”.8. The 
period of this inequality being 1800 years, it is scarcely pos- 
sible, at present, to test the two values by observational 
means. In the motion of the Earth, the coefficient is much 
smaller—about 6”.4—and the discovery of it by Hansen 
caused an important change in the reckoning of the Sun’s 
mean longitude. 

In the fourth part of Vol. V., Professor Newcomb dis- 
cusses the Secular Variations of the Four Inner Plants. For 
this purpose he uses the method of the Variation of Arbi- 
trary Constants applied directly to the constant part of the 
perturbative function, in preference to the purely numerical 
method of Gauss. Instead of starting with the numérical 
value of this constant part, the perturbative function is de- 
veloped algebraically in the first instance, and then, in order 
to extend the results through a period of centuries, it is 
only necessary to insert the values of the elements for the 
dates chosen and to perform the few additional steps which 
the integration of the equations for the elements involves. 
If the same accuracy is required with Gauss’ method, the 
whole of the work must be repeated for each date. The 
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methods practically amount to finding the values arranged 
in powers of the time, each new date computed giving an 
additional term. Professor Newcomb observes that, in any 
case, the results are only true to the first order with re- 
spect to the masses, since the initial constant part of the 
perturbing function is alone used. 

There is a theoretical objection to both of these methods 
which deserves some examination. In the construction of 
a planetary theory it is always desirable to have the ex- 
pressions formed in such a way that only one set of numer- 
ical values shall be substituted for the arbitrary constants 
of the solution, e. g., for the elements at a given epoch. 
Now the methods of procedure adopted to obtain exact values 
of the secular terms require that the elements at each epoch 
for which the variations are calculated shall be known. 
If we have recourse to observation to determine the ele- 
ments at the different epochs the results are no longer de- 
duced from theory alone, since we are then really using the 
observed values of the secular variations to obtain the val- 
ues of the elements at dates differing from the standard 
epoch ; and these secular variations are capable of being de- 
duced from theory alone when the elements at the standard 
epoch are given. We may, however, compute the varia- 
tions at the standard epoch, say 1850, and, by means of the 
values thus obtained, find approximate values of the ele- 
ments at any other epoch. With these approximate values 
the variations at the second epoch may be computed; but 
it then becomes necessary to find what error has been made 
by taking the approximate instead of the true values of the 
elements at this date. A short calculation assures us that 
the error thus committed is of a very much higher order 
than the differences between the secular variations at the 
two dates. If, then, the observed values of thesecular vari- 
ations only differ from the calculated values by quantities 
of an order of magnitude small in comparison with the 
quantities sought, we may use indifferently the values of the 
elements as obtained by a discussion of the observations or 
by means of the calculated variations at the standard epoch. 

In the present memoir Professor Newcomb calculates the 
variations at three separate dates, 1600, 1850, 2100, and for 
this purpose gives a table of the values of the elements at 
those dates. There is, however, no indication of the man- 
ner in which the elements at 1600, 2100 have been obtained 
(I assume that those at 1850 are deduced from the observa- 
tions). From what has been said above it will be seen 
that this does not matter unless a large discordance exists 
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between the different possible determinations of the ele- 
ments at 1600, 2100. The only large discordance is that 
between the observed and calculated motion of the peri- 
helion of Mercury which amounts to 43” per century—about 
zz of the whole ; it appears, from a short examination of 
the values of this element at the three dates that the ob- 
served values have been used. It might seem that this 
large difference would make it somewhat difficult to dis- 
cover how far the observations entered into the values of 
the corresponding secular variations. Fortunately, the 
differences between the three values, and therefore the 
terms in @ are so small that either the observed or the cal- 
culated value may be used without affecting the result with 
an error greater than that which will arise from such ex- 
extended computations. I have dwelt at some length on 
this point, because one of chief objects in view is the com- 
parison of theory with observation. 

The development of the constant part of the perturba- 
tive function is made by the method referred to above. A 
high degree of accuracy is obtained by carrying nearly all 
terms to the eighth order with respect to the eccentricities 
and inclinations ; occasionally induction is used to include 
terms of higher orders whenever there was a probability of 
the results being affected thereby. The usual canonical 
system of equations is then transformed by changing to 
variables which are analogous to those used by Hansen in 
his theories. Longitudes are reckoned along the orbits 
from departure points and the formule are reduced to the 
simplest possible forms. [In the middle of page 332, the 
equations for eccentricity and longitude should be 


de_ ,1dF 
dt en a’ dw edw’ 
dx, 
] 


The results for the secular variations at the three epochs 
are finally obtained in forms given by the equations; the 
complete reduction is left until a discussion of the final 
values to be adopted for the masses has been made.* They 


* This discussion will be found in Professor Newcomb’s work, ‘‘ Astro- 
nomical Constants,’’ forming a supplement to the American Ephemeris 
for 1897. The final values obtained both by theory and observation for 
the secular variations are there given, together with an extended compar- 
ison and examination into the possible causes of the resulting differences. 
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are very satisfactory. The first differences between the 
three sets of values are in most cases constant within the 
limits of possible errors, showing that the terms in f are 
negligible for a period which may be measured by several 
centuries. 

II. Tables of the Planets. 

Volume VI. contains tables for the calculation of the 
positions at any time of the four inner planets; of these 
three parts have appeared, the Tables of the Sun, of Mercury 
and of Venus, by Professor Newcomb; Volume VII. con- 
tains the Tables of Jupiter and Saturn, by Dr. G. W. Hill. 
The publication of these two volumes makes an epoch in 
the history of celestial mechanics which is perhaps of equal 
importance with that which marked the appearance of 
Leverrier’s well-known work on the same subject. Founded 
on theories which have been specially worked out for the 
purpose, with new determinations of the constants from the 
additional data which have accumulated in large masses in 
the last thirty years, during which time observations have 
been made with an accuracy far greater than was previously 
possible, they can hardly fail to be of immense service, not 
only for the calculation of the annual ephemerides pub- 
lished by the various governments, but also for the detec- 
tion of new causes of disturbance by the comparison of 
future observations with the tabulated places. Time alone 
can show to what extent they will represent the observed 
places, but we may confidently expect that many years will 
elapse before it becomes necessary to correct them to any 
appreciable extent. 

The most important tables are naturally those of the Sun, 
and a little space may, perhaps, be devoted to the description 
of their general features. We first consider the values 
which have been adopted for the fundamental constants. 
Some of these (for example, the solar mean motion) have 
long been known with an accuracy which permits of little 
change in their values; others, especially those in which 
occur the perturbations (for example, the masses of certain 
of the planets) are yet very doubtful. The discussion of 
them is given in detail in Professor Newcomb’s “ Astronomi- 
cal Constants,”’ above referred to. It is impossible to con- 
sider here, even in a condensed form, the manner in which 
a balance is struck between the different values which 
the different classes of observations furnish. It may be 
mentioned that no less than 40,176 observations of the Sun 
alone have been reduced, and many thousands of further 
observations of the planets have also been included. 
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Of the constants whose values are most open to doubt, the 
solar parallax and the masses of the planets are the chief. 
Eight classes of observations are discussed for the deter- 
mination of the former, and the values range from 8”.759 
to 8.857; the greatest weights are assigned to the values 
obtained from the constant of aberration. 

The value adopted is : 

Mean equatorial horizontal solar parallax =8”.790. 

The constant of aberration is 20’’.501. 

The adopted masses of the planets, with the Sun as unit, 
are: 


Mercury, 1: 600,000 
Venus, 1: 408,000 
Earth + Moon, 1: 329,390 
Mars, 1:3,093,500 
Jupiter, 1: 1,047.35 
Saturn, i: 3,501.6 
Uranus, 1: 22,756 
Neptune, 1: 19,540 


and Moon: €Earth:: 1:81.45. 


Of these, the mass of Mercury is extremely doubtful, 
and it may differ from the above by one-third, or even one- 
half, of its whole amount; Professor Newcomb considers 
the assumed value to be probably a little too large. The 
periodic perturbations produced in the motion of the earth 
by this planet are, however, so small—amounting to only 
two or three hundredths of a second in longitude—that any 
admissible change in its mass will scarcely affect the tables. 
The above values are used in all of he tables of Vol. VI. 

The chief discordance between theory and observation is 
in the secular motions of the perihelia, especially in that of 
Mercury. The possible causes of this are discussed very 
fully in the “‘ Astronomical Constants.”” The only one which 
Professor Newcomb considers at all probable is that the law 
of attraction is not that of the inverse square, but that the 
index differs from 2 by asmall quantity ( Hall’s hypothesis). 
He shows that with the value 2.000 000 1574 the outstaad- 
ing differences in the motions of the perihelia of Mercury 
and Mars can be accounted for and that the effects on the 
other planets are within the limits of possible errors. No 
other sensible changes will be produced. It remains to see 
what effect the new law will have on the motion of the 
lunar perigee. On comparing Hansen’s theoretical value 
(the only one which aspires to the required degree of pre- 
cision) with the observed value, the small annual difference 
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{1”.56) is almost completely accounted for. But Hansen’s 
value for the motion of the node differs from the observed 
value by a quantity twice as large : thus, either doubt arises 
as to accuracy of Hansen’s calculations, or else some other 
cause exists.affecting the motion of the node, since the above 
value for the index will not produce any sensible effect on 
this motion. As the observed motions of the lunar perigee 
and node are known with cousiderable accuracy, the ques- 
tion, so far as the moon is concerned, awaits a more exact 
theoretical determination of these motions. 

The differences between theory and observation in the 
secular variations of the perihelia, at least in the cases of 
Mercury and Venus, are so well established that it has 
seemed advisable to take them into account in the tables. 
This has been done in such a manner as to make them as 
accurate as possible without taking away their theoretical 
character. Professor Newcomb considers that the value of 
the index instead of being 2 is 


2.000 000 161 20. 


The only resulting corrections are the following additions 
to the secular motions of the perihelia per century: Mer- 
eury, 43.37; Venus, 16”.98; Earth, 10.45; Mars, 5’.55. 

The introduction to each set of tables is divided into 
parts which severally contain the values of the constants 
and of the periodic and secular perturbations; the forma- 
tion of the arguments and the plan on which the tables are 
constructed; a statement of the quantities used in each 
table; and finally, precepts for their use. The epoch 
adopted is 1900.0 Greenwich mean time. The periodic 
perturbations are added directly to the longitude, latitude 
and radius vector, the arguments being so formed that, in 
each table of double entry, one argument is constant 
throughout the table. The examples given show that 
scarcely any multiplications and few interpolations are 
needed, the majority of the operations consisting of simple 
additions; this result is obtained in the usual manner, b 
adding such constants to the numbers of each table that the 
quantities therein are always positive; the sum of the con- 
stants added is subtracted from the constant part of each 
coordinate.* 


*It may be useful to note here that, in the introduction to the tables 
of the Sun, p. 18, last line but one, the constant part to be added to A log v 
should be 1600 instead of 1500. The error does not, however, affect the 
tables or the precepts for their use; it would only arise should the small 
correction to log v, there nuted, be deemed necessary. 
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Some statistics will best show the extent of the tables and 
will give a general idea of the labor involved in the caleu- 
lation of an ephemeris. Those of the Sunare 38 in number, 
of which 6 are necessary for the formation of the argu- 
ments, 11 for the true longitude, 10 for radius vector, 4 for 
the latitude and 7 for the calculation of the precession, nu- 
tation, ete.; the whole occupying 136 quarto pages. Only 
two interpolations with second differences appear to be 
necessary for the longitude and radius vector and one for 
the latitude. The number of figures to be written in the 
calculation of an isolated position is about 1000; this nuim- 
ber would, of course, be very much less, for each position, 
in the formation of continuous ephemeris. The results are 
obtained to the hundredth of a second of are in the longi- 
tude and latitude and to 8 places in the logarithm of the 
radius vector. 

The tables of Mercury and Venus are 22 and 27 in num- 
ber, occupying 82 and 92 pages respectively, while the com- 
putation of an isolated position requires the writing of 
about 600 figures in each case. The results are carried to 
the same degree of accuracy as in the case of the Sun, with 
the exception of the logarithm of the solar radius vector 
of Mercury, which is taken to 7 places. 

The tables of Jupiter and Saturn in Vol. VII. bear the 
signature of Dr. Hill and they are formed on the results of 
the theory worked out by the same writer in Vol. IV. of 
the series. The method there adopted was that of Hansen, 
with some modifications. The difficulties in obtaining a 
solution of the problem which these two planets present, and 
the somewhat unsatisfactory nature of previous theories, 
have caused the existing tables to present differences from 
the observed values which cannot be accounted for by er- 
rors of observation and which are therefore referred, in the 
first place, to defects in the theory or in the values of the 
constants used. In the “ New Theory of Jupiter and Sat- 
urn,’’ Dr. Hill has adopted the numerical method with 
values of the elements which are approximate, but which 
may be supposed to differ from the true values by certain 
appreciable though small quantities. 

In order to obtain more correct values of the elements, 
Dr. Hill has formed provisional tables from his theory and 
has compared them with abont 19,000 observations of the 
two planets, extending from 1750 to 1865; a little more 
th: - half of these being in right ascension and the rest in 
declination. Normal equations having been formed, the 
corrections to the values of the elements are obtained and 
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the necessary changes in the theory follow. The main re- 
sults of this investigation are given in the introductions to 
the tables. The mass of Jupiter, which results from the 
perturbations of Saturn by this planet is 1: 1047 . 378 + .121, 
and the mass of Saturn, from the perturbations of Jupiter 
is 1: 3502 .20+ .53. These are very close to the values 
adopted by Professor Newcomb (see above), and the latter 
are used in the tables. 

The tables are not uniform with those of Volume VI. 
The epoch is taken to be 1850.0, G. M. T., while the masses 
of Uranus and Neptune differ slightly. _Newcomb’s correc- 
tion to the motions of the perihelia is insensible in the cases 
of these planets. Further, the form of the tables, owing to 
the use of Hansen’s method, is quite different. The latter 
are 68 in number for Jupiter and 71 for Saturn, but the 
space occupied by them, and the number of figures to be 
written for the calculation of an isolated position, are about 
the same. In order to ensure the accuracy required and 
at the same time not to increase the size of the tables by the 
use of an extra decimal place, Dr. Hill adopts a device of 
Leverrier. The periodic inequalities of the mean anomaly 
and of the logarithm of the radius vector have been multi- 
plied by 3; the sums of the results when these are taken out 
are to be divided by the same number. The difficulty 
which it is required to avoid is brought about by the use of 
the decimal scale of notation, which gives a certain degree 
of accuracy for a given number of places of decimals, or an 
accuracy ten times as great by the use of another place. 
The accuracy required is one midway between these two, 
and this is obtained without adding another decimal place 
by the artifice just mentioned. Full details are given as to 
the construction of the tables, with specific directions for 
their use. 

III. Action of the Planets on the Moon.. Vol. V. Pt. III. 

The problem involved in the investigation of the effects 
of planetary action on the motion of the Moon is generally 
regarded as one of the most difficult in the whole range of 
celestial mechanics. Besides the usual difficulty which 
always arises in the investigation of any part of the lunar 
motion, there is added another which occurs in the plane- 
tary theory, namely, the slow convergence of the series in 
the cases of those planets which are not far from the earth 
and the consequent effect on the coefficients whenever the 
periodic terms have long periods. Further, it is usual and 
frequently necessary in the lunar theory to avoid all terms 
in which the time occurs outside the signs, sine and cosine 
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and the number of combinations which the different argu- 
ments give rise to becomes very great. Until the last few 
years the problem has been attacked chiefly from its practi- 
cal side, and few theoretical results have been obtained. A 
first glance at the reading of Professor Newcomb’s memoir 
seems to indicate a wide field for investigations into the 
theory ; in any case the practical results, notwithstanding 
the labors of Hill, Radau, Newcomb and of the earlier in- 
vestigators, leave much to be desired. The problem is in 
reality a case of the disturbed motion of three bodies, 
rather than a further extension of the problem of two 
bodies, and it is from this point of view that Professor 
Newcomb attacks it in the memoir under consideration 
here. 

The paper opens with a more rigorous investigation of 
the results of the lunar theory when the disturbing action 
of the Sun is alone considered. The general equations of 
the motions of the bodies are first found and reduced to six 
of the second order, rectangular coordinates being used. 
Three of these equations refer to the motion of the Moon 
with respect to the Earth, and the other three to that of 
the Sun with respect to the centre of the mass of the Earth 
and Moon, the bodies being considered throughout as 
spheres. The method of solving these equations is well 
known. The Sun is first supposed to move in an elliptic 
orbit, and with this approximation a first approximation to 
the motion of the Moon is found ; the result is contained in 
Delaunay’s ‘ Théorie de la Lune.’ Returning with these 
values of the lunar codrdinates to the equations for the solar 
motion, more approximate values of the solar coérdinates 
are found, and thence, by considering again the lunar equa- 
tions, a second approximation to the lunar codrdinates. 
Owing to the minuteness of the new terms furnished by the 
second approximations, we are enabled to stop at this point 
and to consider the problem of three bodies, so far as it re- 
fers to the Earth, Moon and Sun, as solved. 

Professor Newcomb now introduces a fourth body and 
considers the effect of its disturbing action on the motions 
of the other three bodies. It is at this point that he makes 
a departure from the plan adopted by previous investigators. 
The latter have usually considered these perturbing effects 
separately, that is to say, they have found separately the 
perturbations produced on the Moon, those produced on the 
apparent motion of the Sun and, as a further step, the ef- 
fects of the resulting perturbations of the Sun on the motion 
of the Moon. The method adopted to obtain them is that 
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of making, successively, the six elements of each motion 
vary in such a manner that the new terms may be included. 
Professor Newcomb considers the twelve elements of the 
Moon and Sun as variable and he thus includes at once all 
the three sets of disturbances; his method is therefore the 
disturbed motion of three bodies, and the new results which 
he obtains are mainly due to this plan of considering the 
perturbations. 

The treatment is, at the outset, a general application of 
Lagrange’s method for the variation of arbitrary constants. 
Representing the twelve arbitraries by a,, a,,---a,,, the chief 
labor involved is the calculation of the Lagrangian coef- 
ficients (a,, a;)—the coefficients of the derivatives of a,, a,--- 
with respect to the time. The fact that these coefficients 
do not contain the time explicitly is the main factor in the 
-determination of their values. 

The six rectangular codrdinates of the Moon referred to 
the Earth, and of the Sun referred to the centre of mass, 
of the Earth and Moon are known to be expressible in the 
forms, 


zor 2’ = Zk cos N, 


yor =Zksin N, 
zorz = Tksin N’, 
where N or N’ + 4,4, +--+ 4,4; 
in which, for N, 
iti, t-+4=0, 
and for N’ 
i, +4, 
Also, A= 1, + 


In these expressions 1, |,---1, are six of the arbitrary con- 
stants of the solution, the coefficients k of the periodic terms 
and 6, of the time in the angles, being functions of six other 
arbitrary constants. The time thus enters into the expres- 
sions for the codrdinates only through the angles 4, in the 
manner just stated. 

It is now possible to undertake the calculation of the La- 
grangian coefficients (a,,a,). Six of the arbitraries are con- 
sidered to be the J, and the other six, a, e, y, a’, e', 7’, of 
which the k and b, are functions. These coefficients are di- 
vided into parts according to the way in which they are de- 
rived, certain terms which are known to be quite insensible 
being neglected. The result obtained is as follows: Half 
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of the whole number of Lagrangian coefficients are zero, 
and the rest can be expressed as the partial derivatives of 
six functions ¢, ¢, --- ¢, with respect to a, e, 7, a’, e', 7’, the 
six functions containing only the latter six arbitraries. At 
this point, it is a simple step to obtain canonical equations 
for the variations of the elements. They are, in fact, 


de,_@R  dl,__ 


A few remarks on this result may, perhaps, be useful. It 
is known with respect to canonical systems of equations, 
that when half the arbitrary constants have been chosen, 
the form in which the rest of the arbitraries enter into the 
integrals is, in general, definite. It is natural to choose the 
I, as six of the arbitrary constants, and the problem is there- 
fore reduced to an investigation of the manner in which the 
other six arbitraries c, enter into the expressions for the co- 
ordinates in order that the system may be canonical. The 
method used by Professor Newcomb to solve this problem, 
that is, to find the relations of the ¢, to the coefficients k, 
b, is powerful, if somewhat long, and- one cannot but ad- 
mire the manner in which the symbols are arranged and 
dealt with in order to bring about the desired result. 
Nevertheless it would seem possible to obtain it more easily 
by the use of the partial differential equation satisfied by 
the principal function. Jacobi has shown that if a solu- 
tior of this partial differential equation, involving the co- 
ordinates g, the time, and half the required number of 
arbitrary constants can be obtained, the integrals of the 
problem are given by 


where § denotes the principal function, and p,, q, satisfy 
Hamilton’s equations. The property which this method 
possesses is contained in the fact that thee, and the /, 
form a canonical system. In the present case, therefore, 
the problem reduces to the discovery of any solution of the 
equation for S, involving the codrdinates, the time and the 
six arbitraries c. The difficulty involved in the discovery 
of such a solution generally makes it impossible to use the 
Jacobian method as a first means of investigation, and it is, 
in consequence, chiefly resorted to as a brief method of 
proving known results. No solution of the equation appears 


| 
i 


1896.] CELESTIAL MECHANICS. 25 


to be readily available for the proof of Professor Newcomb’s 
results.* 
The kinetic energy of thesystem of three bodies is given by 


2 Tn, te) 


where z,, #, depend on the masses of the three bodies. The 
force function is 2 where 


m,m, 
Pis Pos 


m,, m,,m, being the three masses. The function ¢, which 
is first to be considered as an arbitrary constant, is ob- 
tained by summing the products 


for every periodic term in each of the six codrdinates, multi- 
plying those portions which arise from z, y,z by »,, and 
those portions which arise from 2’, y’, 2 by #,. This result, 
remarkable as it is from a theoretical point of view, is not of 
less interest practically, since it enables us to use canonical 
constants after solving the problem of three bodies and ob- 
taining the values of the rectangular coérdinates in terms 
of the constants of the solution. 
The further result then follows that 


where T, isthe non-periodic part of T when expressed in terms 
of the time as a sum of periodic terms. In the ‘General 
Integrals of Planetary Motion,’+ Professor Newcomb, has 
further shown that 


T,= — C, 
where T—2=C. 


Hence, when C has been expressed in terms of the ¢,, the 
secular motions of the six angles are obtained by taking the 
partial derivatives of the constant of energy with respect to 
thec, This cannot, of course, be used to find them, since 


* Since the above was written I have succeeded in proving the results 
obtained by Professor Newcomb in the manner indicated, and have also 
obtained some new formule which include the theorems of Adams men- 
tioned below. These will be published shortly. 

t Smithsonian Contributions to Knowledge, Vol. X XI. 
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the solution of the problem must be first obtained in order 
to find T, or C. A comparison of these results with those 
obtained by Adams concerning the relations of the secular 
motions of the lunar perigee and node, with the constant 
part of the lunar parallax,* is suggestive. 

The next step is to obtain the values of the constants ¢, 
from the known expressions for the coordinates of the Sun 
and Moon. The angles 4, are defined to be the mean posi- 
tions of the two bodies and of their perigees and nodes from 
some fixed line. When the relation of the theory to that 
of Delaunay is under consideration, this definition gives a 
simple relation between ¢,, ¢,, ¢, (which refer to the Moon) 
and the values of Delaunay’s L, G, H after the last opera- 
tion. Neglecting insensible terms, we obtain from the fact 
that a transformation of the kind known as “ tangential ” 
retains the canonical form of the equations, the relations 


=f, I, k, G—L), ke 2, ( H— G), 


where k., k,, ke, replacing ¢,, ¢,, ¢,, denote the constants recip- 
rocal to ¢,,=,,9, (the angles which give the mean positions 
of the Moon, its perigee and its node at time t= 0). The 
other parts of k., k,, ke, arising from the perturbations of 
the solar orbit on the lunar orbit, being negligible, k.,k,, ke, 
might have been obtained from Delaunay’s final values for 
L, G, H. Professor Newcomb, however, finds them directly 
by transforming Delaunay’s final expressions for the longi- 
tude, latitude and parallax to rectangular codrdinates and 
then computing them by the rules stated above. The re- 
sults are expressed in terms of the final constants a, e, 7, 
a’, e’ used by Delaunay. He thus obtains an important 
verification of the accuracy of Delaunay’s expressions. The 
values of L, G, H, given on pages 235, 236 of Vol. II. of 
Delaunay’s work, are obtained in terms of his final constants 
by means of the formule given on page 800 of the same vol- 
ume, and the results obtained by the two methods agree as 
far as the order to which they are carried. The labor of 
forming k., k,, ke is great and it occupies a large part of 
Prefessor Newcomb’s memoir. The chief parts of ke, ky, ky 
are those due to the elliptic motion ; the other portions due 
to the action of the Moon are very small, though not in- 
sensible. 

The equations for'the variations of the elements having 
been obtained, we arrive at formule which will enable us 


*M. N. R. A.S., Vol. XXXVIII., pp. 460-472. See alsoa paper by 
the writer in the Amer. Jour. Matb., Vol. XVII., pp. 318-358. 
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to calculate the effect of the action of a planet on these ele- 
ments. The new part of the disturbing function is found in 
the usual way. ‘The planetary action is usually divided 
into two parts, the direct action, arising from the attraction 
of the planet on the Moon, and the indirect action, arising 
from the attraction of the planet on the Earth and trans- 
mitted through the latter to the Moon. Professor New- 
comb first considers the latter. Suppose the variations of 
the elements of the solar orbit have been obtained and 
enquiry be made as to the effect of these variations on the 
elements of the lunar orbit. For the latter we have, in 
general, 

dk OR d= OR 

dt” dt Ok, 
with two similar pairs of equations. The terms arising 
from R are those due to the direct actions of the planets. 
For the indirect actions we therefore have 


dk, dz 

= 0, ete. 

Now k,,k_,k, are found in terms of a, e, 7, a’, e’, (7’ being 
neglected. If, then, we are considering the indirect action, 
and if, further, we suppose the perturbations of a’, e’ known, 
the perturbations of a, e, 7 are obtained by solving the 
three equations 


Ok, da , Ok, de , Ok, dy , Ok, da’ , Ok, de’ 


0 


da di + de ay dt* ow dt dt” 
Ok, da Oke da 


If quantities of the first order, with respect to the pertur- 
bations of a’, e’, are alone considered, we finally arrive at 
the result that the indirect actions of the planets are ob- 
tained by solving the equations 


ck, =0, dk, =0, dhe =0, 
or, in Delaunay’s notation, 
sL=0, dH=0. 
In other words, if the coefficients in the time in the arguments * 


* These must be expressed in the usual forms. Thus for the mean mo- 
tion we put ft n at instead of nt. 
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and of the periodic terms in Delaunay’s results were all ex- 
pressed in terms of L, G, H, a’, e’, the perturbations due to the in- 
direct actions of the planets would be obtained by merely inserting 
the variable instead of the constant values of a’, e’. 

The application of this remarkable result to the determina- 
tion of the secular accelerations is immediate, since these 
inequalities depend on the variability of the ‘solar eccen- 
tricity. It is only necessary to express Delaunay’s final 
values of LZ, G, H in terms of his final constants, n or a, e, 
ry; the variations of a, e,y are then obtained by solving the 
equations 

OL OL 


0G oH 

with the given value of ée’. The secular accelerations are 
obtained by inserting these values for da, de, dy, de’ in ff dtdn, 


f dtéz,, fi dté0, where n, =,, 9, are the mean motions of the 


Moon and of its perigee and node. Professor Newcomb 
has verified this result in the case of the mean motion of 
the Moon. The application of the theorem to those periodic 
terms which are due to the indirect action of the planets is 
made in a similar way. 

Professor Newcomb remarks that ‘this curious theorem 
may embody some principle applicable to the disturbed 
motion of three bodies which has not yet been fully mas- 
tered.”” It seems probable, from the way in which the re- 
sult has been obtained, that it is a direct consequence of 
the use of canonical equations and of the form in which the 
time appears in the result. Canonical equations are the 
only ones at present known which will give symmetrical 
forms for researches into celestial mechanics, and the possi- 
bility of obtaining forms which can be made practically 
useful depends, to a large extent, on the fact that we have 
a@ system of constants (half the whole number required), 
ready to hand in the constant parts of the angles which 
occur under the signs, sine and cosine. The additional 
properties, first, that the force function does not contain the 
time explicitly, and secondly, that the coefficients of the 
time in the arguments can be expressed as the deriva- 
tives of the constant of energy, may indicate lines on 
which further investigations into the problem of three 
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bodies might be carried, especial attention being directed 
to the properties of canonical systems and especially of 
those of Delaunay and Newcomb. 

Passing on to the consideration of the terms due to the 
direct action of the planets, Professor Newcomb obtains 
forms for the perturbations of the elements, with numerical 
coefficients similar to those obtained by Hill and Radau. 
He then considers the development of the perturbing func- 
tion for planetary action after Hansen’s method, and appli- 
cation is made to the cases of the principal inequalities 
arising from the various planets. Examination is also 
made into the possible cases where inequalities may become 
sensible owing to the presence of large divisors, the whole 
subject being dealt with in detail. There are, notwith- 
standing the researches made of late years into this subject, 
some outstanding inequalities of long period in the motion 
of the Moon which have not yet been satisfactorily ac- 
counted for by theory. I close with the remarks of Pro- 
fessor Newcomb on this subject. At the end of the Preface 
to his Memoir he says: ‘There are three possible sources 
to which may be attributed the apparent inequalities in 
question : 

(a) Defects in the gravitational theory. 

(2) Inequalities in the Earth’s time of rotation. 

(y) Action on the Moon of other forces than the gravita- 
tation of known bodies. 

The second of these causes seems to be not at all improb- 
able, in view of recent discoveries respecting variations of 
latitude, which can only be accounted for by minute changes 
in the Earth’s axis of rotation. But the independent tests 
of this cause offered by the observed Transits of Mercury do 
not show that i* suffices to explain the observed inequalities 
in the motion ¥ the Moon. Two other tests. remain to be 
applied: The reotion of the first satellite of Jupiter and ob- 
servations of Mercury, Venus and Mars. So far as the evi- 
dence on these$oints has been brought out, the conclusion 
indicated is thgt inequalities in the Earth’s rotation are 
real, but not lirge enough to produce the observed effects 
on the Moon’s mean longitude. The subject is therefore 
still involved in doubt, and the first step toward the removal 
of this doubt is such a determination of the inequalities in 
the mean motion produced by the action of the planets as 
shall place the subject on an undoubted basis.”’ 

Ernest W. Brown. 


HAVERFORD COLLEGE, 
May 1, 1896. 


NOTES. 


Tue regular October Meeting of the AmericAN MATHE- 
MATICAL Society, which was to be held on October 31st, will 
be omi.ted, and in its place a special meeting will be held at 
Prinveton University on Saturday, October 17th, at quarter 
past thiee. Professor Ferix Kiet, of Gottingen, and Pro- 
fessor J. '. Tomson, of Cambridge, will both be present at 
this meeting and it is expected that they will address the 
Society. 

Proressors KLErn and THomson, who are delegates to the 
sesquicentennial celebration of the founding of Princeton 
University, will each deliver a course of lectures at Prince- 
ton during the week preceding the celebration. Professor 
K ern will deliver four lectures on the Theory of the Top on 
Monday, Tuesday, Wednesday and Thursday, October 12th 
to 15th, at eleven o’clock a.m. Professor THomson will 
deliver four lectures on the Discharge of Electricity in Gases 
on Tuesday, Wednesday, Thursday and Friday, October 
13th to 16th, at nine o’clock A. m. 


Tue forty-fifth annual meeting of the American Associa- 
tion for the Advancement of Science was held at Buffalo, 
August 24-29, President Epwarp D. Cops, of Philadelphia, 
presiding. The attendance was quite small, only 330 
members being registered. In the absence of Professor W. 
E. Story, Professor ALEXANDER MAcFARLANE, of South 
Bethlehem, Pa., was elected Vice-President of Section A. 
The Secretary of Section A was Professor E. B. Frost, of 
Hanover, N. H. 

The following papers were read before Section A : 

(1) An analogue to DeMoivre’s theorem in a plane point 
system. By Professor E. W. Hype. 

(2) Rational scalene triangles. By Dr. ARTEmAs MarTIN. 

(3) New elements of the variable R Comae, resulting. 
from observations in July and August, 1896. By Mr. 
Henry M. Parxkuorst. 

(4) Photometric observations of colored stars. By Mr. 
Henry M. PARKHURST. 

(5) Motion of the great red spot and equatorial belt on 
the planet Jupiter from 1879 to 1896. By Professor G. W. 
Hove. 

(6) On the direct application of a rational differential 
equation to a series of points whose coordinates represent 
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observed physical properties. By Professor Rosert B. 
WARDER. 

(7) A proposed fundamental integral-transcendent. By 
Professor J. McManon. 

(8) On the level of the sun-spots. By Professor Epwix 
B. Frost. 


(9) Sedenions. By Professor J. B. Saw. 

(10) On the distribution and the secular variation of ter- 
restrial magnetism. No. IV: The component fields of the 
earth’s magnetism. By Dr. L. A. Bauer. 

(11) Determination of the weights of observations. By 
Professor J. R. Eastman. 

(12) On the composition of simultaneous and successive 
vectors. By Professor ALEXANDER MACFARLANE. 

The next annual meeting of the American Association 
will be held in Detroit during the week beginning August 
9th. The meeting of the British Association will begin in 
Toronto on Wednesday of the following week, and it is 

that many of the members of the American As- 
sociation will proceed to Toronto and join in welcoming the 
British Association to America. The President of the 
American Association for next year is Professor WoLcott 
Grsss, of Cambridge. The officers of Section A for 1897 
are: Vice-President, Professor W. W. Beman, of Ann Ar- 
bor , Secretary, Professor J. McManon, of Ithaca. 


As announced in the last number of the BuLietin (Vol. 
II., p. 339), the German Mathematical Society held its an- 
nual meeting September 21-26, at Frankfort-on-the-Main, 
in conjunction with Section 1 (Mathematics and Astronomy) 
of the German Association of Naturalists and Physicians. 
The preliminary programme sent out at the end of August, 
contains the following list of papers: 

(1) A. Brit (Tubingen) : “ The resolution of a ternary 
form into linear factors.” 

(2) R. Fricke (Braunschweig) : ‘“ Groups of birational 
transformations.” 

(3) A. Gurzmer (Halle): Subject to be announced later. 

(4) L. Herrrer (Giessen): Subject to be announced 
later. 

(5) F. Kxew (Gottingen): ‘On the elliptic formule of 
the motion of a top.” 

(6) G. Koun (Vienna): “ On the geometric interpreta- 
tion of the invariants of doubly binary forms.” 

(7) G. Lanpspere (Heidelberg): Subject to be an- 
nounced later. 
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(8) F. Meyer (Clausthal) “On full systems in trigo- 
nometry.” 

(9) Voce (Barmen): “On the values of trigonometric 
expansions within certain limits.” 

(10) H. Scnarrra (Heidelberg): “On homoidal func- 
tions.” 

(11) H. Scuaprra: “On a cribrum algebraicum, or the 
cofunctional generation of prime numbers.” 

(12) F. Scnutirne (Aachen): “ On circular-are-triangles 
with branch-points on the sides.” 

(13) L. Scuiesincer (Berlin): ‘On the transformation 
group of a linear homogeneous differential equation.” 

(14) (Gottingen): “ Transfinite numbers, 
the axiom of Archimedes, and projective geometry.”’ 

(15) E. Srupy (Bonn): “ On invariants of motion.” 

(16) E. Stupy: ‘“ The problem of Apollonius.” 

(17) A. Tauper (Vienna): “On a partial differential 
equation of the second order.’’ 

(18) A. WANGERIN (Halle): ‘ Contributions to the theory 
of the potential.” 

The following papers are announced for a joint session 
with Section 2 (Physics and Meteorology): 

(19) H. Burxwarpr (Gottingen): “ On vector analysis.” 

(20) Hevn (Berlin): “‘ On the mathematical and mechan- 
ical principles in their application to technical problems.” 

(21) O. RavusensBerGcer (Frankfort): ‘The discontin- 
uities of fluid motions.” 

Two papers will be read at a joint session with Section 11 
(The teaching of mathematics and the natural sciences) : 

(22) Isrart-Hottzwart (Frankfort): ‘ Proposition for 
extending the intuitive methods of mathematical in- 
struction.” 

(23) ScHWALBE (Berlin): ‘On the preparation of teachers 
of mathematics and natural science in higher institutions 
according to the requirements of modern times.”’ 

The programme also announces that the proposition of 
holding, in 1897, an international mathematical congress at 
Zurich will be discussed at the meeting. 


Tue recent meeting of the British Association for the 
Advancement of Science at Liverpool was one of the largest 
in its history, the total number in attendance nearly reach- 
ing 3,200. The presidential address by Sir Joseph Lister 
dwelt principally with the application of biology to medi- 
cine. Professor J. J. Thomson, President of Section A, 
delivered an address devoted largely to the Roentgen rays. 
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Both of these addresses have since appeared in Science. 
The date of next year’s meeting at Toronto was fixed for 
August 18th. The President-elect is Sir John Evans. 


Faco Sciences. During the first semester of the 
academic year 1896-1897 the following mathematical courses 
are offered at the Sorbonne in Paris: By Professor Darboux: 
The principles of geometry and the theory of triple systems 
of orthogonal surfaces.—By Professor Picard: Theory of al- 
gebraic functions of two independent variables and its ap- 
plications to certain questions of the integral calculus. 
—By Professor Appell: General laws of Equilibrium and of 
motion.—By Professor Tisserand : Motions of rotation of 
celestial bodies in general and in particular those of the 
Earth and the Moon.—By Professor Poincaré: Electrody- 
namics.—By Professor Boussinesq : Study of internal fric- 
tion of fluids with applications to continuous flow and to 
the gradual extinction of sound and liquid waves. The fol- 
lowing supplementary courses are also given: By Mr. Pain- 
levé: Differential and integral calculus.—By Mr. Koenigs : 
Kinematics of a solid body.—By Mr. Andoyer: The motion 
of translation of the planets by the method of variation of 
parameters.—By Mr. Raffy : Mathematical theories intro- 
ductory to the study of physics. Mathematical conferences 
are conducted by Messrs. Raffy, Puiseux, Painlevé, Andoyer 
and Blutel. 


University OF Bertin. The mathematical courses an- 
nounced for the winter semester are the following: By 
Professor Frobenius: Theory of algebraic equations.—By 
Professor Fuchs. Elliptic functions; Linear differential 
equations.—By Professor Helmert: Least squares; The 
influence of masses upon the Earth’s surface on the shape of 
the sea level.—By Professor Schwarz: Theory of surfaces 
and curves in space ; Applications of elliptic functions with 
use of ‘“ Formeln und Lehrsatze ;” Calculus of variations ; 
Colloquium.—By Professor Hensel: Analytical geometry ; 
Theory of numbers.—By Professor Hettner: Analytical 
treatment of surfaces of the second order.—By Professor 
Knoblauch: Differential calculus ; Applications of elliptic 
functions.—By Professor Lehmann-Filhés: Least squares ; 
Hansen’s method for the computation of absolute perturba- 
tions.—By Dr. Hoppe: Analytical geometry ; Differential 
calculus and theory of series.—By Dr. Kotter: Geometry 
of position ; Partial differential equations with physical ap- 
plications.—By Dr. Pringsheim: Kinetic theory of gases. 
—By Dr. Rubens: Fluid motion.—By Dr. Schlesinger : In- 
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tegral calculus; Theory of potential.—By Dr. Wien: In- 
tegration of differential equations presenting themselves in 
physics. 


University oF Lerpzic. During the coming winter 
semester the following mathematical courses will be offered : 
By Professor Scheibner : Theory of entire functions ; Higher 
arithmetic.—By Professor C. Neumann: General theory of 
functions ; Discussion of mathematical problems.—By Pro- 
fessor Bruns: Celestial mechanics; Least squares.—By Pro- 
fessor Lie: Introduction to projective geometry; Differen- 
tial invariants ; Seminar.—By Professor Mayer : Analytical 
mechanics.—By Professor von Oettingen : Synthetic Geome- 
try.—By Professor Engel: Introduction to differential and 
integral calculus ; Ordinary differential equations.—By Dr. 
Hausdorff: Analytical geometry ; Insurance. 


Amone the forthcoming books of The Macmillan Com- 
pany we notice J. M. Pace, “ Differential equations ;”” W. 
B. Smirs, “Infinitesimal analysis H. D. Tompson, 
“Elementary solid geometry ;” J. B. Lock, “ Trigonometry 
for beginners, revised for use in American schools and colleges 
by J. A. Miller Hatt and Kyicur, “Elementary trigo- 
nometry, revised for American use by F. L. Sevenoak ;” F. 
Casor1, “‘A history of elementary mathematics ;” A. G. 
Wesster, “The mathematical theory of electricity and 
magnetism ;’’ C. CurisTIANSEN, Theoretical physics, trans- 
lated by W. F. Magie ;”’ R. Ciausrvus, “On heat, translated 
by C. H. Bierbaum and edited by R. C. Carpenter ;”’ D. C. 
Jackson, “ Alternating currents and alternating current 
machinery.” 

Proressors W. W. Beman and D. E. Smiru are preparing 
an authorized English edition of F. Kiem’s “ Vortrage 


iiber ausgewahlte Fragen der Elementargeometrie,’’ which 
will be published by Ginn & Co., of Boston, in the fall. 


Henri Resat, a member of the French Academy of 
Sciences and for several years editor of the Journal de 
Mathématiques pures et appliquées, died on August 22d at the age 
of sixty-eight years. 

Dr. H. Minxowsk1, professor of mathematics in the Uni- 
versity of Konigsberg, has been called to the Zurich Poly- 
technic Institute. 


Dr. GreorG Scuerrers, of the University of Leipsic, has 
been called to a professorship in the Polytechnic School at 
Darmstadt. 
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Dr. ARNoLp Meyer, professor of mathematics in the Uni- 
versity of Ziirich, died at Ziirich, July 7, 1896. 


F. REvLEAvXx, professor of mechanical engineering in the 
Polytechnic School at Charlottenburg, near Berlin, has re- 
signed his position. He has been engaged in teaching for 
40 years. 


W. VALENTINER, professor of astronomy in the Polytech- 
nic School at Karlsruhe, has been called in the same capa- 
city to the University of Heidelberg. 


Dr. L. Curistian WIENER, professor of descriptive ge- 
ometry in the Polytechnic School at Karlsruhe, died July 
31, at the age of 70. 


NEW PUBLICATIONS. 


NEW PUBLICATIONS. 


I. HIGHER MATHEMATICS. 


AmopEo (F.). Lezioni di geometria projettiva; dettate nella R. Univer- 
sitd di Napoli nell’anno scholastico 1895-96. Napoli, 1896. 8vo. 272 


pp. Fr. 6.00 
ANTOMARI (X.) et MALUSKI (A.). Manuel du baccalauréat : Mathé- 
matiques. Paris, 1896. 12mo. 368 pp. Cloth. Fr. 3.50 


APOLLONIUS OF PERGA. Treatise on conic sections. Edited in modern 
notation, with introduction, including an essay on the earlier history 
of the subject, by T. L. Heath. London, Macmillan, 1896. 8vo. 
170 and 254 pp. Cloth. $3.75 


APPELL (P.) et LAcouR(E.). Principes de la théorie des fonctions ellip- 
tiques, et applications. Paris, Gauthier-Villars, 1896. 8vo. oP 
1-208. Subscription price for the whole work Fr. 1 


AUTENHEIMER (F.). Elementary treatise on the differential and inte- 
gral calculus. Russian translation by W. Gdébel. Moscow, 1896 
(Berlin, Friedlander.) 8vo. 4 and 300 pp. Mk. 5.00 


Beupon (J.). Sur les systémes d’équations aux dérivées partielles 
dont les charactéristiques dépendent d’un nombre fini de paramétres. 
[Thése.] Paris, Gauthier-Villars, 1896. 4to. 53 pp. 


BILty (J. DE). See FERMAT (P.). 


BsORLING (C.F. E.). Lirobok i nyare Plan-Geometri. Lund, 
1896. 8vo. 11 and 335 pp., 2 plates. 


Bockwo.tpt (G.). Die analytische Geometrie in der Prima 
siums. Theil III. Neustadt, 1896. 8vo. 18 pp., 2 plates. 
Mk. 1.50 


Boru™M (K.). Allgemeine Untersuchungen iiber die Reduction partieller 
Differentialgleichungen auf gewohnliche Differentialgleichungen. 
Mit einer Anwendung auf die Theorie der Potentialgleichung. — 
zig, Teubner, 1896. 8vo. 3 and 58 pp. MK. 2 


BRAMBILLA (G.). Saggio di storia della ragioneria presso i shoo 
antichi. Milano, Boriglione, 1896. Svo. 50 pp. Fr. 1.00 


BURKLEN (O.T.). Formelsammlung und Repertorium der Mathematik, 
enthaltend die wichtigsten Formeln und Lehrsiatze der Arithmetik, 
Algebra, niederen Analysis, ebenen Geometrie, Stereometrie, ebenen 
und spharischen Trigonometrie, mathematischen Geographie, analy- 
tischen Geometrie der Ebene und des Raumes und der hdéheren 
Analysis. Leipzig, 1896. 12mo. 210 pp. Cloth. Mk. 0.80- 


BuaGAtev (N. V.). On the theory of functions and continued fractions. 
Moscow, 1896. (Berlin, Friedlander.) [Russian.] 8vo. 36 pp. 
Mk. 


1.80 
BuUNKOFER (W.). Die arithmetischen Functionen der drei ersten Ord- 
nungen. Wertheim, 1895. 4to. 18 pp. Mk. 1.50 


BYERLY (W. E.). See HIGHER MATHEMATICS. 

CAYLEY (A.). The collected mathematical papers. Vol. X. Cam- 
bridge University Press, 1896. (New York, Macmillan.) 4to. 14 

and 616 pp. $5.50 
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CoMBETTE (E.). Compléments du cours d’algébre et notions de géomé- 
trie analytique, 4 l’usage des candidats 4 V’Ecole spéciale militaire 
de Saint-Cyr et des éléves qui se préparent 4 suivre le cours de 
mathématiques spéciales. Paris, Alcan, 1896. 8vo. 288 PP. ae 


CovuTuRAT (L.). L’infini mathématique. Paris, 1896. 8vo. Fr. 7.50 
DANDOLO (G.). Intornoal numero ; discussioni psicologiche. Padova, 
Draghi, 1896. 8vo. 85 pp. Fr. 1.75 


DarBoux (G.). Cours de géométrie de la Faculté des sciences: Lecons 
sur la théorie générale des surfaces et les applications géomé¢triques 
du calcul infinitésimal. Vol. IV: Déformation infiniment petite et 
a sphérique. Paris, Gauthier-Villars, 1896. 8vo. 8 


and 548 pp. Fr. 15.00 
Draco (G.). Dottrina dei caratteri della divisibilita. Torino, Clausen, 
1896. 8vo. 31 pp. Fr. 2.00 


FEDDERSEN (B. W.). See PoGGENDORFF (J. C.). 


FERMAT (P.). Oeuvres, publi¢ées par les soins de P. Tannery et C. 
Henry, sous les auspices du ministére de l’instruction publique. 
Vol. IIL: Traductions par P. Tannery : (1) des écrits et fragments 
latins de Fermat, (2) de l’Inventum novum, de Jacques de Billy, (3) 
du Commercium epistolicum, de Wallis. Paris, Gauthier-V pret 
1896. 4to. 15 and 612 pp. Fr. 28. 


FICHTENHOLTZ (A.). See VASSILIEF (A.). 

FiskE (T.S.). See HIGHER MATHEMATICS. 

FLoquEtT (G.). Sur certaines fonctions 4 trois déterminations consi- 
dérées comme solutions d’une équation différentielle linéaire. Nancy, 
Berger-Levrault, 1896. 8vo. 11 pp. 

FRIESENDORFF (T.) See MARKOFF (A.). 

FRONTERA (G.). See SoNNET (H.). 

Gass (T.). See Sturm (C.). 

G6BEL (W.). See AUTENHEIMER (F.). 

GUNTHER (S.). Jacob Ziegler, ein bayrischer Geograph und Mathema- 
tiker. Ansbach, 1896. 8vo. 64 pp. Mk. 2.00 

HALSTED (G. B.). See HIGHER MATHEMATICS. 


HANSEN (H.). Definitioner og Formler til Beregning af Legemernes 
Overflader og Rumfang. Kjobenhavn, 1896. (Berlin, Friedlander. ) 
8vo. 8pp. [Lith.] Mk. 0.50 

HAvRE (M.). Recherches sur les points de Weierstrass d’une courbe 
plane algébrique. [Thése.] Paris, Gauthier-Villars, 1896. 4to. 
89 pp. 

Heatu (T. L.). See APOLLONIUS OF PERGA. 

HELLMANN (W.). Ueber die Anfiinge des mathematischen Unterrichts 


an den Erfurter Schulen im 16. und 17. Jahrhundert und bis etwa 
1774. Teil II. Erfurt, 1896. 4to. 16 pp. ME. 1.20 


HELMHOLTZ (H. von). On the origin and meaning of the axioms of 
geometry. Russian translation” St. Petersburg, 1896. (Berlin, 
Friedliinder.) 12mo. 58 pp. Mk. 1.20 
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Henry (C.). See FeERMAT (P.). 


HIGHER MATHEMATICS. A text-book for classical and engin: col- 
leges. Edited by M. Merriman and R. S. Woodward. or ie SO- 
lution of equations, by M. Merriman; II. Determinants, by L. G. 
Weld; III. Projective geometry, by G. B. Halsted; IV. Hyperbolic 
functions, by J. McMahon; V. Garments functions, by W. E. Byerly; 
VI. Functions of a complex variable, by T. S. Fiske; VII. Differ- 
ential equations, by W. W. Johnson; VIII. Grassmann’s space an- 
alysis, by E. W. Hyde; IX. Vector analysis and “7 we by A. 

lane ; X. Probability and theory of errors, by R. S. Wood- 
ward; XI. History of modern mathematics, by D. E. smith, ) New 
York, Wiley, 1896. 8vo. 12 and 576 pp. Cloth. $5.00 


Hyve (E. W.). See HIGHER MATHEMATICS. 


JAHRBUCH iiber die Fortschritte der Mathematik, begriindet von C. 
Ohrtmann ; herausgegeben von E. Lampe. Vol. XXV: Jahrgang 
1893 und 1894. (In 3 Heften.) Heft 2. Berlin, Reimer, 1896. 8vo. 
pp. 853-1316. MK. 11.00 


JOHNSON (W. W.). See HIGHER MATHEMATICS. 

KAMMER (A. ZUR). Integration einer linearen homogenen Differential- 
gleichung vierter Ordnung, deren, Integral in der Horizontalflache 
Unstetigkeiten zweiter Art besitzt. [Diss.] Kiel, 1895. 8vo. 54 pp. 

KuetL (C. P.). Ueber einige altere Bearbeitungen des Buchhaltungs- 
tractates von Luca Pacioli. Prag, 1896. 8vo 8 and 128 pp. Fac- 
simile. Mk. 4.00 

KLEIN (F.). See MarkorF (A.). 


KREvUZBERG (G.). Ein Beweis fiir die Zerlegbarkeit rationaler ganzer 
Funktionen einer Verinderlichen mit reellen Koefficienten in reelle 
Faktoren ersten und zweiten Grades. [Diss.] Bonn, 1896. 8vo. 
32 pp. 

Lacour E.). See APPELL (P.) et LAcourR (E.). 

LaMPeE(E.). See JAHRBUCH. 


Lane (P.). Ueber die Kriimmungsverhiltnisse der drei Scharen von 
Flachen zweiten Grades, die mit einem gegebenen ungleichaxigen 
Ellipsoide confocal sind. [Progr.] Kreuznach, 1896. 4to. 16 pp. 


LEFEVRE (A.). Number and its algebra. Boston, Heath, 1896. 8vo. 
219 pp. Cloth. $1.25 


LILIENTHAL (R. von). Grundlagen einer Kriimmungslehre der Kurven- 
scharen. Leipzig, Teubner, 1896. 8vo. ME. 6.00 


LogtA (G.). Il passato e il presente delle principali teorie geometriche. 
2a edizione accresciuta ed interamente rifatta. Torino, Clausen, 
1896. 8vo. 20 and 346 pp. Fr. 8.00 


Lucas (E.). Récréations mathématiques. 2e édition. Vol. II: Qui 

gagne ; les dominos ; les marelles ; le parquet ; le casse-téte ; 

les jeux de demoiselles ; le jeuicosien d’Hamilton. Paris, Gauthier- 
Villars, 1896. 8vo. 247 pp. 


MaAcé DE LEpiInay (A.). Compléments d’algébre et notions de géomé- 
trie analytique 4 l’usage des candidats 4 Saint-Cyr. 3¢e édition. 
Paris, 1896. 8vo. 482 pp. Fr. 5.00 


MACFARLANE (A.) See HIGHER MATHEMATICS. 
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MALUsKI (A.). See ANTOMARI (X.). 


MarRkKorF (A.). Differenzenrechnung. Autorisierte deutsche Ueberset- 
zung von T. Friesendorff und E. Primm. Mit einem Vorwort von 
F. Klein. Leipzig, Teubner, 1896. 8vo. Mk. 6.00 


Massny (W.). Ueber ebene Kurven, die bei circularer Inversion sich 
selbst zugeordnet sind. [Progr.] Beuthen, 1896. 4to. ie. ig 


MERRIMAN (M.). See HIGHER MATHEMATICS. 


Mopé (G.). - Di una proprieta del dodecaedro e dell’icosaedro regolari 
convessi. Vicenza, Raschi, 1896. 8vo. 10 pp. 


MULueR (C. F.). Henricus Grammateus und sein Algorismus de inte- 
gris. [Progr.] Zwickau, Thost, 1896. 4to. 33 pp. Mk. 1.00 


Netro (E.). Vorlesungen iiber die hohere Algebra. (In 2 gee 
Vol. I. Leipzig, Teubner, 1896. 8vo. Mk. 


OcaGNE (M. D’). Cours de géométrie descriptive et de géoméirie infi- 
nitésimale. Paris, Gauthier-Villars, 1896. Svo. 11 and = 
OETTINGEN (A. J. von). See PoGGENDoRFF (J. C.). 


Pacioui (L.). Divina proportione. Die Lehre vom goldenen Schnitt. 
Nach der venezianischen Ausgabe vom Jahre 1509 neu hera 
tibersetzt und erlautert von C. Winterberg. Wien, 1896. 8vo. 6 
and 367 pp. Mk. 6.00 


Pascat (E.). I determinanti; teoria ed applicazioni con tutte le pid re- 
centi ricerche. (Manuali, Hoepli.) Milano, Hoepli, 1897. 16mo. 
8. and 330 pp. Fr. 3.00 


PEANo (G.). zio di calcolo geometrico. Torino, Clausen, 1896. 
8vo. 26 pp. [Accademia reale delle scienze di Torino, anno 1895-96. ] 


PoGGENDORFF (J. C.). Biographisch-literarisches Handworterbuch zur 
Geschichte der exakten Wissenschaften, enthaltend Nachweisungen 
iiber Lebensverhaltnisse und Leistungen von Mathematikern, Astro- 
nomen, Physikern, Chemikern, Mineralogen, Geologen u. s. w. aller 
Volker und Zeiten. Vol. III.: 1858-83, herausgegeben von B. W. 
Feddersen und A. J. von Oettingen. (In circa 15 Lieferungen. ) 
Leipzig, Barth, 1896. 8vo. Lieferung1: pp. 1-96. Mk. 3.00 


PorTIER (B.). Le carré diabolique de 9 et son dérivé, le carré satanique 
de 9 (carré de base magique aux deux premiers degrés), tirés du carré 
magique de 3. Alger, Jourdan, 1895. 8vo. 32 pp. 

Primo (E.). See MARKOFF (A.). 

PSHEBORSKY ( A.). The methods of Abel, Jacobi, Liouville and Weier- 
strass in the theory of elliptic functions. [Russian.] Kiev, 1895. 
(Berlin, Friedlander.) 8vo. 16 and 194 pp. Mk. 4.00 


Scarpis (U.). Primi elementi della teoria dei numeri. (Manuali 
Hoepli.) Milano, Hoepli, 1897. 16mo. 8 and 152 pp. 


ScHEFFLER (H.). Das Wesen der Mathemetik und der Aufbau der 
Welterkenntnis auf mathematischer Grundlage. 2 vols. Braun- 
schweig, 1896. 8vo. 415 and 467 pp. 3 plates. Mk. 10.00 


‘SmitH (D. E.). See HIGHER MATHEMATICS. 
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Sonnet (H.) et FRONTERA (G.). Eléments de géométrie analytique, 
rédig¢s conformément au programme d’ admission 4 1’ Ecole polytech- 
nique et 4 1’ Ecole normale supérieure. 8e édition. Paris, Hachette, 
1896. 8vo. 758 pp., 1 plate. Fr. 8.00. 

SoROKIN (K.). On the question of complex numbers with simple mod- 
uli. [Russian.] Kiev, 1895. (Berlin, Friedlander.) 8vo. 22 pp. 


SPECKMANN (G.). Arithmetische Studien. Dresden, Koch, 1896. 8vo. 
3 and 22 pp. ME. 1.00. 


Spetta (C.). Sull’ integrazione dei sistemi di equazioni differenziali 
simultanee di qualunque Oordine e grado; nota I. Genova, Ciminago, 
1896. 4to. 8 pp. 


SPoRER (B.). Ueber den Schwerpunkt der gemeinschaftlichen Punkte 
zweier algebraischer Kurven. [Diss.] Ttibingen, Fues, 
40 pp. 00. 


STAHL =) Theorie der Abel’schen Funktionen. Leipzig, ave, 
1896. 8vo, Mk. 10.00. 


STEINER (G. F. 4 Ueber die Katakaustiken algebraischer ebener Kurven. 
Lund, 1896. 8vo. 46 pp. MK. 1.50. 


Sturm (C.). Lehrbuchder Analysis. Uebersetzt nach der achten franzé- 
sischen Auflage von T. Gass. 2 vols. Berlin, 1896. 8vo. 1120 pp. 
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VaEs (F. J.). Goniometrische Studie. Grafische Behandeling van gon- 
iometriscbe Formules en Vergelijkingen. Gorinchem, 1896. 8vo. 
4 and 56 pp., 2 plates. Mk. 1.50. 


VASSILIEF (A.). Eloge historique de Nicolas J. Lobatchevsky, pro- 
noncé dans la séance solennelle de l’université eager de Kazan, 
le 22 octobre, 1893. Traduit du russe par Mile. A. Fichtenholtz. 
Paris, Hermann, 1896. 8vo. 40 pp. 


VoOLKMANN (P.). Erkenntnistk tische Grundziige der Naturwissen- 
schaften und ihre Beziehungen zum Geistesleben der Gegenwart. 
Allgemein wissenschaftliche Vortrige. Leipzig, Teubner, 1896. 
8vo. 12 and 181 pp. Mk. 6. 


WALLIs (J.). See FERMAT (P.). 


WEBER (H.). Lebrbuchder Algebra. (In2Binden.) Vol.II. Braun- 
schweig, Vieweg, 1896. 8vo. 14 and 796 pp. Mk. 20.00. 


WELD (L.G.). See HIGHER MATHEMATICS. 

WILLIAMSON (B.). An elementary treatise on the integral calculus, 
ete. Seventh edition, revised. London and New York, Longmans, 
1896. 12mo. Cloth. 10s. 6d. 

WINTERBERG (C.) See (L.). 

Woopwarp (R.S.). See HIGHER MATHEMATICS. 


ZLATOVERKHOVNIKOV (I.). On the theory of simple and decimal frac- 
tions. [Russian]. Ufa, 1895. (Berlin, Friedlander). —= pp. 
. 1.50. 
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ALGENSTAEDT (W.). Beitrage zur Determination der Elemente des 
Dreiecks. III. (Schluss). [Progr.] Doberan, 1896. 4to. 18 pp. 


ANDOYER (H.). Cours d’algébre, 4 l’usage des éléves de l’enseignement 
primaire supérieur. (Programmes officiels de 1893.) Paris, Belin, 
1896. 12mo. 6 and 373 pp. 


ANDRE (M. F.). Text-book of geometry. Russian translation by N. I. 
Mamontov. Moscow, 1895. (Berlin, Friedlander.) 8vo. Ba pp. 
6.00 


2mo. 6 and 57 


BARDEY (E.). Arithmetische Aufgaben, nebst Lehrbuch der Arith- 
metik, vorzugsweise fir Realschulen, hohere Birgerschulen und ver- 
wandte Anstalten, neu bearbeitet und mit einer Logarithmentafel 
versehen von H. Hartenstein. Leipzig, Teubner, 1896. 8vo. 4 and 
202 pp. Cloth. Mk. 2.00 


—— Methodisch geordnete Augabensammlung, mehr als 8000 Aufgaben 
enthaltend iiber alle Teile der Elementar-Mathematik. 22ste Auflage. 
Leipzig, Teubner, 1896. 8vo. 14 and 330 pp. Cloth. Mk. 3.20 


BartTotucci (L.). Manuale d’aritmetica e principi d’algebra per gli 
alunni delle scuole tecniche. Firenze, Bemporad, 1897. 16mo. 
6 and 251 pp. Fr. 2.00 


Bos (H.). Géométrie élémentaire (programme du 28 janvier 1890), 
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et philosophie. 6eédition. Paris, Hachette, 1896. 16mo. Ry Ay 


(G. A.). geometrical figures. Boston, Ginn, 


BouRtet (C.). tee bre élémentaire. Paris, Colin, 1896. 8vo. 
12 and 549 p ve Fr. 7.50 


BROOKSMITH og J.). See WooLWIcH MATHEMATICAL PAPERS. 


CALDARERA (F.). Trattato di trigonometria rettilinea e 
Palermo, Virzi, 1896. 8vo. 11 pp. Fr. 2.25 


Cusack’s Algebra. Part 2, advanced. London, City of London Book 
Depot, 1896. 12mo. 498 pp. 3s. 6d. 


Dupuis (J.). Tables de logarithmes 4 cing décimales, d’aprés J. de La- 
lande, disposées 4 double entrée et revues. Edition stéréotype, con- 
tenant les logorithmes de 1 4 10,000, les logarithmes des sinus et des 
tangentes des angles calculés de minute en minute jusqu’a 90 degrés, 
plusieurs tables usuelles, et un grand nombre de formules et de nom- 
bres utiles. Paris, Hachette, 1896. 16mo. 4 and 230 pp. Fr. 2.00 


Euciip. See LACHLAN (R.). 


FECHNER (H.). Aufgaben fiir den ersten Unterricht in der Buchstaben- 

rechnung (Algebra). 3te Auflage. Berlin, Schultze, 1896. 8vo. 

4 and 124 pp. Mk. 1.20 

Fink (K.). Die elementare systematische und darstellende Geometrie 

der Ebene. Kurslund2. Tiibingen, 1896. 8vo. 17 and 151 ays 
Mk. 2. 


10 Tafeln und 84 Bl. dazn fiir die darstellend-geometrischen Ue. 
bungen. MK. 2.80 
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——. Sammlung von Siatzen und Aufgaben zur systematischen und 
darstellenden Geometrie Ebene. Kurs 1 and 2. =e 


1896. 8vo. 4and 108 p Mk. 1.60. 
10 Tafeln und 83 BI. fal fiir die darstellend-geometrischen Ue- 
bungen. Mk. 2.80. 


FIsHER (I.). See PHILLIPs (A. W.). 


Frasca (G.). Nozioni ad uso delle scuole tecniche. 
Cosmi, 1896. 16mo. 97 pp. 1.00. 


FRERES (LES) DES ECOLES CHRETIENNES. Eléments pikes avec de 
nombreux exercices. 7e édition. Paris, Poussielgue, 1896. 16mo. 
8 and 413 pp. 


——. Géométrie ; cours supérieur. Paris, Poussielgue, 1896. 16mo. 
4 and 327 pp. 


———. Tables de logarithmes 4 cinq décimales pour les nombres de 1 4 
10 000 et pour les fonctions trigonométriques de minute en minute. 
Edition stéréotype. Paris, Poussielgue, 1895. 16mo. 8and 144 pp. 


GAZZANIGA(P.). Libro di aritmetica e di algebra elementare. Pig 
Sacchetto, 1896. 8vo. 319 pp. Fr. 3.25. 


GELINET (L.). Nouveau cours de géométrie 4 l’usage des sous-officiers 
candidats aux écoles militaires. Paris, Lavauzelle, 1896. 16mo. 
162 pp. 


HAtt (H. S.) and Knicut (S. R.). Elementary algebra. Revised and 
enlarged for the use of American schools by F. L. Sevenoak. New 
York, Macmillan, 1896. 12mo. 14and 516 pp. Half bound. $1.10. 


HARTENSTEIN (H.). Fiinfstellige Briggische Logarithmen der Zahlen 
von 1 bis 10 000, nebst den sechsstelligen Logarithmen der Zahlen 
von 10 000 bis 10 800, fiir Realschulen und verwandte Anstalten, 
namentlich zu E. Bardey’s Arithmetischen Aufgaben und Lehrbuch 
der Arithmetik herausgegeben. Leipzig, Teubner, 1896. 8vo. (32 
pp.) Mk. 0.30 

——. See Barpey (E.). 


HeEwrict.(J.) und TREUTLEIN (P.). Lehrbuch der Elementar-Geome- 
trie. (In 3 Teilen.) Teil 2. Abbildung in verandertem Masse ; 
Berechnung der Gréssen der ebenen Geometrie. 2te Auflage. Leip- 
zig, Teubner, 1896. 8vo. 9 and 248 pp. Mk. 2.80 


INTERMEDIATE science mixed mathematics papers ; being the questions 
set at the University of London from 1877 to 1895. London, 1896. 
8vo. 44 pp. Cloth. 2s. 6d. 

KAMBLY und RoEDER. Stereometrie und sphirische Trigonometrie. 
Vollstandig nach den preussischen Lehrplanen von 1892 umgear- 
beitete Ausgabe der Stereometrie und der sphirischen Trigonometrie 
von Kambly. Lehraufgabe der Prima. Mit Uebungsaufgaben und 
einem Anhang: Der Koordinatenbegriff und einige Grundeigen- 
schaften der Kegelschnitte. iste Auflage (25ste Auflage der Kam- 
bly’schen Stereometrie). Breslau, Hirt, 1896. 8vo. 194 pp. 


Mk. 1.70 
KyicutT (S. R.). See Hatt (H.S ). 


K6xtzscu (A.). Grundziige der Raumlehre. Ein Lern- und Uebungs- 

buch, zum Gebrauche in Volksschulen, Fortbildungsschulen, Prapa- 
randen-Anstalten und Mittelschulen. Heft 1. Mit mehrals 400 
verschiedenen Uebungsaufgaben. 2te Auflage. Leipzig, Merse- 
burger, 1896. 8vo. 6 and 69 pp. Mk. 0.60 
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moe x ). Lehrbuch der Elementar-Arithmetik. Teil1. (Technische 
hefte, Mathematik, Heft 1.) Hildburghausen, as “ 
eg 4 and 48 pp. 1.50 


———. Lehrbuch der Stereometrie. (Technische Lehrhefte, Mathematik, 
Heft 3.) Hildburghausen, Pezoldt, 1896. 8vo. 3 and 24 pp. 


Mk. 0.90 
LACHLAN (R.). The elements of Euclid. Books Iand II. London, 
1895. 8vo. 184 pp. Cloth. 1s. 62. 


LaIsantT (C. A.). Recueil de blémes de math¢matianes. (En 7 
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de mathématiques spéciales. Paris, Gauthier-Villars, 1896. 8vo. 
10 and 136 pp. Fr. 3.00 
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LauscHER (W. J.). Die fiir die mittleren Klassen. Op- 
laden, 1896. 4to. 31 Mk. 1.50 


Loney (S. L.). Plane simian ; solutions to the examples in parts 
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MamontTov (N.I.). See ANDRE (M. F.). 


MEYERs (W. J.). An inductive manual of the straight line and the 
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113 pp. 


Mocnik (F. von). Geometrische Anschauungslehre fiir Unter-Gymna- 
sien. Abteilung II. Neue Auflage von F. Wallentin. Wien, Temp- 
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MoneEtT! (F.) II triangolo sferico e le sue forme trigonometriche da un 
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PRAKTISCHE GEOMETRIE fiir gewerbliche Fortbildungs- und Handwer- 
kerschulen, sowie zum Selbstunterrichte. Bearbeitet von einem 
ehemaligen Mitgliede mehrerer Priifungs-Kommissionen. Planime- 
trie. Frankfurt a. M., Jaeger, 1896. 8vo. 8and119 pp. Mk. 1.00 
Mit ausfiihrlichem Schliissel. 144 pp. MK. 2.00 


Puttar (A.). Geometry for kindergarten students. Specially adapted 


to meet the requirements of the examinations of the National Froebel 
Union. New York, Macmillan, 1896. 12mo. 9and 198 pp. oe 
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RoEDER. See KAMBLY und ROEDER. 

ScHMEHL (C.). Lehrbuch der Geometrie, fiir gewerbliche Schulen bear- 
beitet. Mit einer Aufgabensammlung. Giessen, Roth, 1896. 8vo. 
8 and 179 pp. Mk. 1.50 

Scumip (K.). 100 ausfiihrlich geléste geometrische Aufgaben bayrischer 
Lehreranstellungspriifungen, nebst einer Sammlung von Uebungs- 
beispielen. Miinchen, Kellerer, 1896. 8vo. 7and180 pp. Mk. 2.20 

ScHWERING (K.). Sammlung von Aufgaben aus der Arithmetik fiir 


hohere Lehranstalten. 3 Lehrginge. Freiburg i. B., Herder, 1896. 
8vo. 7and 242 pp. Mk. 3.00 
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SEVENOAK (F. L.). See (H. S.). 


(J. H.). Riders in Euclid ; graduated easy deductions from books 
1, 2, 3,4 and 6. London, Longmans, 1896. 12mo. 138 PP. i 
s. 


STaMpFeER (S.). Logarithmisch-trigonometrische Tafeln, nebst verschie- 
denen anderen Tafeln und Formeln, und eine Anweisung, mit 
Hiilfe derselben logarithmische Rechnungen auszufiihren, 17te Auf- 
lage. Wien, 1896. 8vo. 24and122 pp. Cloth. Mk. 2.40 


TREUTLEIN (P.). See HENRICI (J.). 
WALLENTIN (F.). See Mocnik (F. von). 


WEILL. Géométrie plane, A usage des candidats 4 1’Ecole centrale. 
Paris, Delagrave, 1896. S8vo. 131 pp. 


WEKWERTH (M.). Sammlung von Aufgaben aus der niederen Mathe- 
matik. Lésungen zu den Zahlenbeispielen. Leipzig, age 
1896. 8vo. 4and68 pp. Boards. k. 1.00 


WHITE (E. E.). A school algebra designed for use in high a and 
academies. New York, American Book Co. [1896.] 12mo. 394 PP. 
Half-leather. $1.00 


Wor (F. C.). Methodischer Lehrgang fiir den geometrischen Unter- 
richt in der ein- und mehrklassigen Volksschule und in der Fort- 
bildungsschule. Nach den Grundsitzen der Anschauung und kon- 
zentration in genetischer Stufenfolge aufgebaut und unter besonderer 
Beriicksichtigung der praktischen Verhiltnisse bearbeitet. Leipzig, 
Klemm, 1896. 8vo. 8and 148 pp. Mk. 160 


‘WooLwIicH MATHEMATICAL PAPERS for admission into the Royal Military 
Academy, 1886-95. Edited by E. J. Brooksmith. London, Mac- 
millan & Co.,.1896. 12mo. Cloth. ; 6s. 


III. APPLIED MATHEMATICS. 


BEDELL (F.). The principles of the transformer. New York, Macmil- 
lan, 1896. 8vo. 12and 416 pp. Cloth. $3.25 


BELL (G. J.). A practical treatise on segmental and elliptical oblique 
or skew arches; setting forth the principles and details of construction 
in clear and simple terms. London and New York, Spon & Cham- 
berlain, 1896. 4to. 125 pp. Cloth. (21s.) $8.40 


(E.). See THompson (S. P.). 


Bruyn (J. B.). Elektrisk Belysningi Theori og Praksis. Kjiébenhavn, 
1896. 8vo. Mk. 450 


CHENET (G.). See Kapp (G.). 


Cotton (A.). Recherches sur l’absorption et la dispersion de la lumiére 
par les milieux doués du pouvoir rotatoire. [Thése.] Paris, Gau- 
thier-Villars, 1896. 8vo. 99 pp. 


CRANZ (C.). Compendium der theoretischen dusseren Ballistik, zum 
Gebrauche fiir Lehrer-der Mechanik und Physik an Hochschulen, 
Artillerieoffiziere, Instruktoren an Schiessschulen, Artillerieschulen, 
Kriegsakademien, Mitglieder von Gewehr- und Artillerie-Priifungs- 
kommissionen, Gewehrtechniker. Leipzig, Teubner, 1896. 8vo. 

Mk. 16.00 
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DariEs (G.). Mécanique, hydraulique, thermodynamique. Paris, 
Dunod & Vicq, 1896. 16mo. 8and 576 pp. 


DepREZ (M.). Traité d’électricité théorique et pratique. (2 volumes 
en 4 fascicules.) Fascicule 1: Electricité statique et magn¢tisme; 
électrométrie; magnétométrie. Paris, 1896. 8vo. Subscription price, 

Fr. 41.00 


DIESENER (H.). Die technische Naturlehre und die Mechanik, fir 
Selbstunterricht und Schulgebrauch bearbeitet. (Praktische Unter- 
richtsbiicher fiir Bautechniker IV.) Halle, Hofstetter, 1896. 8vo. 
5 and 110 pp. Mk. 2.80 


DONKIN (B.’. A text-book on gas, oil, and air engines; internal com- 
bustion motors without boilers. 2d edition, revised. London, 
Griffin, 1896. 8vo. 524 pp. Cloth. 25 s. 


Dupsky (A.0O.). See Kapp (G.). 
DUPERRAY. See PELLAT (H.). 


Esert (H.). Magnetische Kraftfelder. Die Erscheinungen des Magne- 
tismus, Elektromagnetismus und der Induktion, dargestellt auf 
Grund des Kraftlinienbegriffes. (In 2 Teilen.) Teil I. Leipzig, 
Barth, 1896. 8vo. 18and223 pp. 2 plates. Mk. 8.00 


Fervat (H.). Eléments de géométrie descriptive. Paris, 1896. 12mo. 
Cloth. Fr. 2.00 


FRANZEN (H.). Ueber die Bewegung eines materiellen Punktes unter 
der gleichzeitigen Einwirkung einer Newton’schen Central-Kraft 
und der Erdschwere. [Diss.] Halle, 1896. 8vo. 50pp. 1 plate. 


Freperic (H.). Doctrine fondamentale et nouvelle de la transforma- 
tion des forces. Paris, 1896. 8vo. Fr. 2.00. 


FRIEDLANDER (B.) and FRIEDLANDER (J.). Absolute oder relative 
Bewegung? Teil 1: Die Frage nach der Wirklichkeit einer abso- 
luten Bewegung und ein Weg zur experimentellen Lésung. Teil 2: 
Ueber das Problem der Bewegung und die Umkehrbarkeit der Cen- 
trifugalerscheinungen auf Grund der relativen Tragheit. Berlin, 
Simion, 1896. 8vo. 35 pp. Mk. 1.00. 


FUHRMANN (A.). Die Theodolite, ihre Einrichtung, Anwendung, Prii- 
fung und Berichtigung. Eine Unterweisung fiir Architekten, Bau- 
techniker, Landmesser, n. s. w. Leipzig, Seemann, 1896. 8vo. 8 
and 136 pp. MK. 3.00. 


GALILEI (G.). Le opere. Edizione nazionale sotto le auspici di Sua 
Maesta il Re d’Italia. Vol. VI. Firenze, Barbéra, 1896. 4to. 
662 pp. 


See PELLAT (H.). 


GARUFFA (E.). Meccanica industriale; macchine motrici 4 fluido. 
Vol. I. 2a edizione, completamente riformata e portata al corrente 
dei progressi teorici e pratici. Milano, Hoepli, 1897. 8vo. 703 pp. 

Fr. 16.00. 

Geopwin (H. B.). Azimuth tables for the higher declinations (limits 
of declination 24° to 30° both inclusive) between the parallels of 
latitude 0° to 60°; with examples of the use of the tables in English 
and French. London and New York, Longmans, 1896. 8vo. 12and 

74 pp. Cloth. $2.50. 


| 


46 NEW PUBLICATIONS. [Oct., 


Gorpon (J. W.). Mathematical tables (actuarial). London, jan. 
1896. 8vo. Cloth. 


Grassi (G.). Termodinamica. Introduzione al corso di fisica . Y- 
2a edizione ampliata. Napoli, 1896. 8vo. 2.00 


GROsSMANN (L.).. Die Mathematik im Dienste der Nationalékonomie, 
unter Riicksichtnahme auf die praktische Handhabung der Discipli- 
nen der Finanzwissenschaft und Versicherungstechnik, mit einigen, 
durch selbstindige wissenschaftliche Errungenschaften auf dem Ge- 
biete der reinen Mathematik begriindeten, neuen Fundamenten der 
politischen Arithmetik. Supplement II. Wien, Grossmann, 1896. 
8vo. 4and 80 pp. Mk. 5.00 


Gurp1 (C.). Lezioni sulla scienza delle costruzioni. ParteI.-III: No- 
zioni di statica grafica ; teoria dell’ elasticita e resistenza dei materi- 
ali ; elementi delle costruzioni ; statica delle costruzioni civili. 2a 
edizione. Torino, Bertolero, 1894-96. 3vols. 8vo. 120, 281, 98 pp. 


HecGer (R.). Die Erhaltung der Arbeit. Hannover, Helwing, 1896. 
8vo. 6 and 305 pp. Mk. 8.00. 


HEERMANN (G.). See WEISBACH (J.). 


HouzMuLuer (G.). Ueber die Beziehungen des mathematischen Unter- 
richts zum Ingenieurwesen und zur Ingenieurerziehung. sotgtin. 
1896. 8vo. 28 pp. Mk. 0.60. 


Hire. See INGENIEURs (DEs) TASCHENBUCH. 


Hurmuzescu (D.). Nouvelle détermination du rapport v entre les 
unités électro-statiques et électro-magnétiques. 
Gauthier-Villars, 1896. 4to. 99 pp. 


INGENIEURS (DES) TASCHENBUCH. Herausgegeben vom akademischen 
Verein ‘‘ Hiitte.”” 16te, véllig neu bearbeitete Auflage. (In 2 
Teilen.) Berlin, Ernst, 1896. 8vo. 6 and 984, 12and 618 pp. 2 
plates. Leather. Mk. 16.00. 


JENTZEN (E.). Darstellende Geometrie. 2te, wesentlich vermehrte 
und verbesserte Auflage. Rostock, 1896. 8vo. 22 plates. Mk. 5.00 


Kapp (G.). Les transformateurs 4 courants alternatifs simples et pol 
; théorie, construction, applications. Traduit par A. O. Dub- 
sky et G. Chenet. Paris, 1896. 8vo. Cloth. Fr. 13.00 


KEssLeR (J.). Berechnung der Schwungrader und Centrifugalregula- 
toren. Elementare Darstellung mit erlauternden Rechnungsbei- 
spielen. (Technische Lehrhefte, Maschinenbau, 66.) Hildburg- 
hausen, Pezoldt, 1896. 8vo. 4 and 37 pp. MK. 1.20 


KOHLRAUSCH (F.). Leitfaden der praktischen —_— Mit einem An- 
hange: Das absolute Mass-System. Ste, umgearbeitete A 
Leipzig, Teubner, 1896. 8vo. 24 and 492 Amey Cloth. Mk. 7.00 


Korn (A.). Eine Theorie der Gravitation und der elektrischen Erschei- 
nungen auf Grundlage der Hydrodynamik. (In 2 Teilen.) Teil I.: 
Die Grundlagen der Hydrodynamik und die Theorie der Gravitation. 
2te Auflage. Berlin, -Diimmler, 1896. 8vo. 117 pp. ME. 3.00 


LAUENSTEIN (R.). Leitfaden der Mechanik. Elementares Lehrbuch 
fiir technische Mittelschulen und zum Selbstunterricht. 2te Auf- 
lage. Stuttgart, Cotta, 1896. 8vo. 6 and 177 pp. MK. 3.00 


f 
| 
| 

| 


1896.] NEW PUBLICATIONS. 47 


Lévy SALvapor (P.). Hydraulique Premiére Cours 
d’eaux non navigables ni flottables. Vieq, 1896. 
16mo. 8 and 483 pp. 


LoMMEL (E.). Lehrbuch der Experimentalphysik. 3te Auflage. e- 
zig, Barth, 1896. 8vo. 11 and 556 pp. 1 plate. Mk. 6. 


Livers (J.). Ueber den Kreisprozess der Gasmaschine. Kritik des 
Buches: Kalorimetrische tiber den Kreisprozess 
der Gasmaschine, von Dr. A. Slaby, und theoretisch Neues, mit 
einem Anhange: Die Wissenschaft und die Gasmaschinen-Patent- 
prozesse von 1882-86. Aachen, Mayer, 1896. 4to. 6 ae oO 


MACKENZIE (T.). Practical mechanics; applied to requirements of 
sailors. London, Griffin, 1896. 12mo. 188 pp. 3s. 6d. 
Mata y MANEJA (0O.). Tratada de balistica interior. 2a edicién, 
corregida y aumentada. Madrid, 1896. 8vo. 299 pp. os og 


MeEweEs (R.). Die elementare Physik des Aethers. Neue Ausgabe von 
“*Kraft und Masse.” 2Teile. Berlin, Krayn, 1896. 8vo. 12and 
66 and 160 pp. Mk. 5.00 


MEYER (G. S.). Ueber den Einfluss von Zug- und Druckkraften auf 
die thermo-elektrischen und magnetischen Eigenschaften der Metalle. 
Strassburg, 1895. 8vo. 48 pp. 3 plates. Mk. 2.00 


MULLER-BRESLAU (H. F. B.). Die graphische Statik der Baukonstruk- 
tionen. 2te Auflage. Vol. II, Abteilung 2, Lieferung 1. Leipzig, 
Baumgartner, 1896. 8vo. pp. 1-96. 2 plates. MK. 3.00 


OrtTo on [Progr.] Werdau, 1896. 8vo. 


Fn Fk Etude sur la bicyclette. Paris, Berger-Levrault, 1896. 
8vo. 79 pp. 2 plates. Fr. 2.00 


PapreriTz (E.). See Roun (K.). 


Pau (R.). Der erste und zweite Hauptsatz der mechanischen Warme- 
theorie und der Vorgang der Lisung. Berlin, 1896. 


(H.). Cours de générale. Polarisation.et 0 
cristalline. Legons professées 4 la Sorbonne en 1895, rédi 
Gallotti. Paris, Carré, 1896. 8vo. 8 and 
plate. Fr. 9. 


Pricer (J.). Tratado de estatica grafica. Santiago de 1896. 
4to. 6and135 pp. 15 plates. Mk. 21.00 


RECHENBERG (G.). Definitive Bahnbestimmung des Cometen 1835 I. 


[Diss.] Breslau, 1896. 4to. 25 pp. Mk. 1.00 
RETHWISCH (E.). Die im Kritik der 

tion und Analyse der Axend a 2te, ergauzte Auflage. Ber 

Schneider, 1896. 8vo. 4 and 179 pp. Mk. 4.56 


RIeckE (E.). Lehrbuch der Experimentalphysik zu em Studium 
und zum Gebrauch bei Vorlesungen. Vol. DT. Tane Veit, 1896. 
8vo. 12 and 492 pp. Mk. 10.00 
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Roun (K.) und Papperitz (E.). Lehrbuch der darstellenden Geome- 
trie. (In2 Banden.) Vol. II. Leipzig, Veit, 1896. Svo. 16and 
528 pp. MK. 14.00 


ScHLOTKE (J.). Lehrbuch der darstellenden Geometrie. Teil IV. Pro- 
jektivische Geometrie. Dresden, Kiihtmann, 1896. 8vo. 5 and 
177 pp. Mk. 4.80 


ScHNEIDER (J.). Laerebog i elementaer Mekanik. Omarbeided og 
udvidet af S. H. Strém. Christiania, 1896. 8vo. 4 and 158 pp. 
Boards. Mk. 3.00 


ScIOLETTE (G. B.). Equilibrio interno dei sistemi elastici lineari nel 
piano e nello ain esposizione dei metodi delle derivate e degli 


spostamenti. ma, Cuggiani, 1896. Svo. 89 pp. 
a4 (M. DE). Notice sur le tir courbe. Mémoire 4. a 7 1896. 


SPERBER (J.). Das Parallelogram der Krifte als Grundlage des perio- 
dischen Systems in der Chemie. Ziirich, Speidel, 1896. 8vo. “yy 7 
Mk. 1.50 


STeEBBING (F. C.). Navigation and nautical astronomy. London and 
New York, Macmillan, 1896. 8vo. lland328 pp. Cloth. $2.75 


STEENHUIs (J.). Leerbook der Natuurkunde. Deel IV. Electriciteit, 
Magnetismus, Galvanismus. Schiedam, 1896. 8vo. 8 and 147 pp. 
Mk. 3.20 


STEGER (E.). Untersuchungen iiber italienische Seekarten des Mittel- 
alters auf Grund der kartometrischen Methode. ate 1896. 
8vo. 5and52pp. 1 map. Mk. 1.40 


Strém (S. H.). See SCHNEIDER (J.). 


THompson (S. P.). Courantspolyphasés et alterno-moteurs. Traduction 
par E. Boistel. Paris, Baudry, 1896. 8vo. i2and 298 pp. Cloth. 
Fr. 16.00 


Vises (B.). Investigaciones relativas 4 Ja circulacion y traslacion ciclo- 
nica tn los huracanes de las Antillas. Habana, 1895. 8vo. 79 pp. 


WEISBACH (J.). Lehrbuch der Ingenieur- und Maschinen-Mechanik. 
(In 3 Teilen.) Teil I. Theoretische Mechanik. 5te Auflage, bear- 
beitet von G. Herrmann. 2ter, unveranderter Abdruck des 1875 
erschienenen Werkes. Lieterang 1 und 2. mantis” Vieweg, 
1896. .8vo. pp. 1-192. . 3.00 


WESELY (J.). Grundziige der allgemeinen und technischen Physik. 
Grundlehren der oe, Repetitorium fiir den ersten und 
zweiten Jahreskurs der ben, Bau- und chemisch- 
technischen Abteilung an hoheren Staatsgewerbeschulen. Pilsen, 
Steinhauser, 1896. 8vo. 7 and 587 pp. Mk. 7.20 


WINTER (W.). Grundriss dér Mechanik und Physik, fiir Gymnasien 
bearbeitet. 2te Auflage. Miiftchen, Ackermann, 1896. 8vo. 6and 
349 pp. Mk. 3.20 
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